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ABSTRACT 

Thes^ hearings' focused on tha reauthorization of 
appropriations f or '^he National Science Foundation (NSF) fdr fiscal 
year (FT) 1985. (The Reagan administration's request for the NSF was 
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The hearings include a prepared statenent f r<Mi Edward Knapp (NSF 
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REAUTHORIZATION OF THE NATIONAL SCIENCE 

FOUNDATION, 1985 

• ■ , \ ■ 

WEDNESDAY. APRIL 4. 1984 ^ 

U,S. SfiNATR, 

Committee on IIabob and Humav Resources, 

f'-' Washington, DC. 

The committed met, pursuant to notice, at 10:10 a.m., in room 
SIMSO, Difksen\Senate Office Building, Senator ^ Orrin Hatch 
(chairman of the cbmmittee) presiding. 
^ Present: Senators Hatch, Quayle, and Pell. 

OPENING STATEMENT OF Spf ATOR HATCH 

^ The Chairman. I am pl^tsed to welcome everyone to this hear- 
ing, examining the National Science Foundation Imd its res^rch 
acnievements. It is NSF's mission-^to support the most promising 
bpsic and applied research in all sfctentinc disciplines. The succera 
of this mission is critical to the overall , best interests of America's 
lpng*term economic growth, pixAection of mic international com- 
petitive petition, our national purity, and the prospects for genu- { 
ine and lasting peace. 

We can ail appreciate the advances that have been made in med- 
icine, space science, and consumer, technolc^es. Less api^rent are 
the dedicated efforts of basic researchers to discover the 'new, fun- 
damental knowledge which mak^ posNsible these well-publicfeed 
breakthroughs. / ' 

, The distinguished scientists we have with us this morning are 

Eioneers in this natiotial search for scientific infonnation, ami on 
ehalf of the committee I|Want to thank them^for their willj^ness 
to share their research witn us this morning ^ 

The administration s budget request for the National Science 
Foundation is $15 billion, llbis is an increase of 13.6 -percent over 
the fiscal year 1984 budget. I am delighted, ihough not surprised, 
by President Reagan's commitment to our shared belief in the po^ ^Ijk 
tential of American science and engineering. Specifically, I am ^ 
pleased to confirm the administration s support for increases in the 
target expenditures for instrumentation and equipment, scien(^ 
and engineering education, engineering research, and advance sci- 
entific computing. 

We expect to learn from mir wttn^^ presentations this morning* 
how all of these new technol^es ate developed by the creativity 
and persc^verance of our Nation s scientists ^and engineers in the 
pursuit of quah'ty research. 1 am pleased to welcome these distin- 
guished researchers to our Clearing this morning. The projects you 
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are going to di^uss with- us, of course, represent highlights of the 
research supported by the National Science Fqundption, and I am 
looking forward U) these presentations outlining. the speciflc re- 
search NSF has funded with the appropriations authorized by this 
^committee. s ' . 

We are happy to have all of you here this mdi:ning. Let us intro- 
duce you. We have four NSF-supportetl research scientists. Our 
first will be Dr. Jim Dide of the I^partment of Psychology at the 
University of Washingtoii, in Seattle. WA. on developmental psy- 
chology, brain growth research, funded by the minority r^arch 
initiation program. Second, we will call on Dr. -John Knauss, who is' 
dean of the Graduate School of Oc^an S%nces at the University of 
Rhode Island. Narraganfeett, RL He Wilt discus oceanc^graphy and 
the H/y Endeavon 'supported by the Ocean Sciences Progran). 
Third, we will hear from Dr, Laurence Strong, who is from the De- 
partment of Chemistr^at Eiu-lham CoH^ in Richmond. IN. He 
will talk about chemicpl instrumentation which is funded by the 
support Tor predomindhtly undergraduate institutions program. Fi- ; 
nally. Dr. Richard O. (leas, who is with the College of Engineering 
at the Virginia Polytechnic and State University, in Blacksburg, . 
VA. He will be discussing engineering, fiber optics in particular, 
which is funded hff the Electrical. Computer, and Systems Engi- 
neering Program. 

We will start with you. Dr. Diaz, ahd go from there. Thank you 
for being with us. But first, we will insert for the record a state^ 
ment by Dr. Edward A. Knapp. Director, National Science Founda- 
tton, 

(The prepared statement of Dr: knapp follows:] 
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i^ATEM^NT or Dr. Kdwaed a. Knapp, DiKBCTcm, N/jknoNAuSiTniicrE Foundation 

Hr. CHAIlrhAN AND f^NSERS OF'THE CMMITUC: 

I APPRECIATE THE OPMRTURItY TO SUBMIT A STATEMERT FOR THE 
RECORD ON THE toni NISTRATSON^S FY 1985 fiUDGET REQUEST^ FOR THE 

National- Science Foundation-. i 

I WILL HIGHttSHT THREE INfifATIVES ¥t ARg PROPOSING IN FY 
l^tiS: (1) BEGINNIN6 OF CONSTR.yC T ION ON^^fHE VERY lON^ 

Baseline Arr^it^ (VLBA); (2) an expansion of support of computer 
netii0rkin6 and research time on supercomputers^ and (3) a nen^ 

PROGRAM TO ESTABtlSfl C ROSS "D t SCI Pt I NA R)|^RESE ARCH CENTERS IN^ 
ENGINEERING* f NItL CONCLUDE NITH A^ BRIEF DlSCt($SION OF OUR 
PLANS FOR PRE^COLLEGE SCIENCE AND ENGINEERING EDUCATION* 



THE FY 1985 REQUEST: AM OVERVIEW 



Our BUDGET REQUEST FOR FY L985 IS $1*5 BltLlilN^ AN INCREASE 
* % * 

OF 13.6 PERCENT ^^ovE FY 1984* This total ihcludes SI. 3 billion 

FOR ^u\rESEARCH AND RELATED ACtlVITIES; $76 MILLION FOR, SCIENCE 
AND ENGINEERING EDUCATldfUj $115 MILLION FOR THE U*S* ANTARCTIC 

Program; and t2.8 MiL.LfON for foreign currency* 

This proposed budget ref^-FCTs -the Administration's deep 

COMMITMENT TO EXCELLENCE IN OUR COUMTRY's PURSUIT OF SCIENTIFIC 

AND TECHNOLOGICAL ACHIFVENENTS Alft IN THE TRAINING OF OUR FUTURE 

* \ \^ 

"scientists AND FNGINEERS. It ALSO REFLECTS TMf VERY. .STRONG 
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SUPPOIJT WHICH THE f 0 U« OAT 1 0« ' S PR06RAMS RECETVED EROH THIS 

COMHITTEE AMD THE C6NGRESS LAST YEAR. ThE PR06RA% THAT THISf 

PROPOSED BUDGET Witt SUPPORT IS STR0N6 /^«D WEU-BAL ARCED • *It 

PROVIDES fIJR some VERY EXCITIUS BASIC RESEARCH^ WITH EHPHASIS ON 

AReIs T/<M COWTRIBUTE NOST to our CONTINUED ECONOMIC WELL-BtfNS 

AND TECHNOLOSICAL CAPABILITIES- LET ME DESCIIIBE SCME HI6HLI$HTS 

OP OUR PLANS FOR ^^Y 1985. . 

f ' 

o Overall emphasis on ei^ineerin^ and the physical sciences 

CONTINUES^ with SPECIAL ATTENTION TO NAtHEMATICS^ 
COMPUTER RESEARCH^ MECHANIcA.^ ELECTRICAL AND CWPUTER 
£NaiNEl^IN6^ ASTRONOMY and' THE EARTH SCIENCES- 

6 Within the biolosical sciences^ wh will coirriNUE to give 

PRIORITY 70 RESEARCH ON PLANT BIOLOfiY. tfORK IN THIS 

^ SCIENTIFICALLY AND ECONOMICALLY IMPORTANT AREA WILL 
I ' 

INCLUDE SUCH TOPICS AS TMe COVERSION OF .SOLAR ENERGY tO 

CHEMICAL ENERGY BY PLANTSi NITROGEN I^IXATION; AND THE 

REGe'rERATION of plants from a SINGLE CELL- 

% 

0 Me WILL initiate a NEW RESEARCH THRUST INVOLVING OUR 
PROGRAMS IN CHEMISTRY^ AND THE BIOLOGICAL SCIFNCE? TO 
INVESTIGATE THE CHEMISTRY OF ^IFE PROCESS. SuCH 
FUNDAMENTS WORR IS ESSENTIAL FOR THE DEVELOPMENT OF 
BIOTECHNOLOGIES »GLATED TO MEDICINE AND AGRICULTURE- 
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MITHIN JHE EAffTH SCIENCES, WE .WILL PLACE AN lUCREASED 
EMPHASIS ON STUDIES OF THE CONTINENTAL .Lt^SP^CI^E TQ 
PROVIDE A POSSIBLE BASIS FOR FU3URE CONTINENTAL 
SCIFNTIFJC DRKLlflS. • ; 

are REOUESTIMfi $27.6 HILLI0II fOR OUR OCEAN ORfttll^ 
PROGRAH IN FY 1985, I^ITH ASblTIOflAL FOREIGN CONTRIBUTIONS 
OF ABOUT $10.0 MILLION. A LEASE FOR A LARGE ^ MODERN 
DRILLSMIP WAS RECENTLY SIGNED WITH SEDCO, INC*, AND WE 
WILL BEGIN HODIFICAT IONS FOR 5C I ENT I F If •DR ILL I NG VatER IN 
TH^ YEAR- The first drilling leg IS PLANNED 10 jsiAPl IN 

January^ 1985* » 

We will INCREASE SUPPORT FOR RESEARCH AT RREOCM|NAflTL Y 
UmiERGRAPUATE INSTITUTfONS BY^OVER 15 ^PERCENT • TmESE 
INSItITUTIONS PROVIPE UNDERGRADUATE TRAINING FOR «ANY OF 

OUR Nation's FUTURE scientists ard engineers; 
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o' In the U.S. AiAarctic Program^ w^ will continued 

. REST0RE OR REPLACE OBSOLETE FACILITIES, P^RT4^ULARLY AT 

/ HcfHiRDo Statkhi. Major co^istruction projects started in 
prior years will continue,, and the salt water distilla: 
^ TtdN plant should be c»!Plite and operating in FY 1985. 

N 

Our PLANS TO institute a Service life extension program 
TOR our LC-130 Aircraft , were delaited by major contract 

'negotiation PROBLfHS BETWEEN THE DEPARTMENT OF, DEFENSE 
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A«D PRIVATE CONTRACTORS. We ARE I IWEST ISAT I Rfi ALTERRA" 
TIVES Ft)R CWPL£TfH6 THE SERVICE LIFE EXTENSION ON THESE 
CRITICAL AIRCRAFT* ' • 

MH will INCREASE SUPPORT OP I NTERNAT fONAL SCIENtlPIC 
ACTIVITIES IN THE /OUNDAT ion's RESEARCH PR06RAN& AND WILL 
GIVE SPECIAL EHPHAsis TO MAINTENANCE Of'pRC^RAHS WITH 

ChihA/ Sub-Sahana, Africa^ and I^atin America* 

We will initiate a new prc^rah to assist women scientists 

AND ENSINEERS/ WHOSE CAREMS HAYE BEEN INTERRUPTED, TO 
RESUME THEIR RESEARCH ACTIVITIES AND ALSO PROVIDE 
RESEARCH INITIATION GRANTS TO/ WOMEN SCIENTISTS AND 

engineers' 

For the fourth year in a row we are placing a higi) 

PRIORITY ON SCIJNTIFIC RESEARCH I NSTRtMENTAT I ON . We 
ESTIMATE THAT . TOTAL SUPPORT OF I NST RUMENT AT I ON * AND 
FACILITIES WILL REACH $237-0 MILLION. AN INCREASE OF 20-3 
PERCENT OVER FY \9Sk%. ThE DOLLARS WHICH NSF PUTS INTO 
INSTRUMENTS AND FACILITIES HAVE A VERY SIGNIFICANT 

•multiplier effect/ benefiting many MORE sci^Wtists, 

ENGINEERS^ AND GRADUATE STUDENTS THAN JUST THOSE RECEIVING 
DIRECT SUPPORT THROUGH GRANTS- 




0 We IffLt 8€ SiiPPOff^tim OVER 11,000 6RA0UATE STUDENTS ON 
MSF GRANTS FOR A TOTAL OF Sd03 fflLtlOR. THIS IS AN 
INCREASE 0* 16 PERCENT OVER FY 1984.^ ThERE UlLl BE 550 
NEW MSF, GRADUATE FatOWSMIPS NEXT YEAR -FOR A TOTa\ OF 
APPROXIHATElf L5S0. We l^fLt fM:REASE THE ANNUAL STIPEND 
FROH $8,100 fo $9,000-^ / 

0 We^NILL SUPPORT AN ADDITIONAL 200 Y0UN6 SCIENTISTS AND* 
ENGINEERS THROUGH THE ''PRES4DENT I AL YOHNG INVESTIGATOR 
AWARDS PROGRAM, BRINGING ^THE TOTAL TO ^Oti IN FY 1985-' 

With hatching funds froh industry^ these awards will 

ENCOURAGE PRMISING Y0WI6 PEOPLE TO RENAIN IN ACADErtl^(^ 
CAREERs\t^O train FUT^IRE generations ' of SCIENTISTS AND 
ENGINEERS « 

In these AND other WAYS ISP activities contribute directly to 

THE 0UALITY OF EDUCATION IN OUR COLLEGES AND UNIVERSITIES* 

Indeed, I believe that virtually our entire budget has a 
significant ihpact on the ouality of science and engineering 
education i*n this country! - , ^ 

0 Only percent of our Request, a total of $70*9 

hillion, will be required to support o&r staff, central 

support SERVICEG, HANAGEHENT information SYSTEMS (RIS)/ 
TRAVEL AND USE OF CONSULTANTS IN FY 1985.^ OUR Futl'TIME 
EQUIVALENT EMPLOYMENT , WHICH HA$ DECL INED BY 8 PERCENT 

SINCE fcy 1^82, W!Lt REMAIN AT i {n FY l«l»^. WiTH THE 

# , . *■ 
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REOMANfZATfON W<ICH^ I ANNOUffCED IN (klpBEH, 1983^ I 
EXPECT ifO INCREASE OUft STAFPfUs' IH SCIENCE AND 
ENGINEEfTf N6 EDUOATION AND MEET THE EXPANDED 
RESPONSIBILITIES GIVEN TO US BY THE CONSNESS • WE ARE 
^EQOESTtNS A 16 PERCENT INCREASE IN STAFF AND CONSULTANT 
TRAVEL PRrtlARILy TO SUPPORT OUR EXPANDED PfcOSRAfWATlC 
RESPONSIBIIlTI^S IN EDUCATION AND OUR PRpPOSEO*| 
INITIATIVES^ Our TRAVEL KINITATION HAS ReNAINED |.EVCL 
POR ^HE PAST TNOJfEARS. * 

Finally, the requited increase i^or data processins 

• EOUIPHENT in FY 1985 IS LARGELY OFFSET BY ECONmiES WE 
' HAVE REALIZED SLSENMERE. $0 THAT THE TOTAL COST -OF OUR 

HIS IS onTy slightly ho re than it As in FY 1982. By the 

END OF FY mS.^ «E NILL HAVE COMPLETED OUR T^ANSITIW TO 
A NEW DATA PROCESSING ENV I ROHHENT • TH I $ NILL 
SUBSTANTIALLY INCREASE THE EFFICIENCY AND^ EFFECTIVENESS 
OF OUR STAFF. 

VERY LOUG BASFLIlfe ARRAY {y \^f^) » ' 

r "... 

4 

Owe of the hisw-Ishts of our FY 1985 Buosct Request' »s our 

PWJPOSAL TO BESIN CONSTRUCT lOH OF THE VERY LONS BASELfNE AHiftY, 
FOB WHICH WE APE REQUESTUtG $15.0 NILLIOH- 
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, This haOjo feicscfliVE is »iif txi>* Priority i rst ru«£ri • f^oR 

eRaUttD-^ BASED ASTROibKY ftEC(^EIIOED BY THE . ItAT f ORAL ACADEMY OF 
jSciEHCE^/NATIORAt RfSEA^fK COjlRCtt ^AStRONM ICAL SURVEY COMNfttEE 

IR January, .1982v Eajrce.er tecMiiical stu^iE4 outlined the 

^'S(^^NT>F1C freED ARD CQRGffjUfl DeSIfH F0« SUCH AR IRSTRUHEftt' As 

. YOU tmm, ouR,PY BtiK€j 'incLuoEs 12.5 Hittior FOf arterra 

ARD IRSTRUHERT DES R AlfQ fit^ ffLECTIOR STUDIES RHlCH ARE'BEIRG 

DOrI BY TH^ 4iATIOR4U fMlfO ASTRORDNY SSSERVATORY (NftAO) • ' ThESe' 
/ ' ' t ' ' ' . ^ 

/ .DES|«R, AfiD SUE STUD!€S WILL PROVIDE THE BASIS FOR THE 

'CORSTRUc'tIOITtO RESIH IR A^^VlAY FASHION IN FY IMS* 

« K •••• 

Our. Project' Develop^ibrt Plan {jas , submitted' to theKational 
Science Board W FebruarK ano^iiiith their, endorsemert it 

provides the basis for our rcouest.' The total construc- 

, TION COSTS, -IN -FY iggJr WLLARS, ARE tSTIMATED AT tS^'O PIILLIOR. 
0PEfATION,0F.,fA^3t THE ^RI^AY COtlfcS BE6iN AS EARLY AS FY 1M7 AT 
AN ePERATIli^/cbST OK' )IB6|)T rtlLLIM PER YEAR'WITH FULL ARRAY 

OPEJI ATTOJf yP sVlBlI&^^Y FY. lf»8 AT' ABOUT $5«D MILLION PER VEAlf* 

A|yAliC€D SC^EijT(ff6 CMpUTIUfe •■ 

■ ■ .': ■-• V-.' , ■* , 

'"'^^ET Hi NON .TORN TO A DIFFERENT BUT ^EQUALtY CHALLERdtRS AREA 

OF SCIENCE: AaVARC£D SCIENTIFIC CCMPUTING- ^ 
♦ % ■ > ... 

TaST HaY^ PARTICIPANTS INAN NSF ffoRKSHOP REPRESENTING A WIDE 
SPECT^ OF DISCIPLtRES FPOH AC ADEM I A , * f NDUSTRY ^ AND 60VERRHERT 
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roUH AHEAS: % , ^ * 



0 LARfil-SCAtE CAPACITY; 



0 MEW CCKtPUllfiG CAPAR^I,{TY#> 
0 LOCAL facilities} AM 



1 ' 



0 NETIIOflKSt 

TMtBE VIR-rUAtLV UNANINO/US ACHeEHENT tHAT INPORTAilt 

SCIKNCE IS NOT^^BEINS BORE BECAUSK ACAOENfC seiENTISTS AND , 
. CNfitMEERS HAVe L IN itEO ACCESS TO COftP^tAT iOHAt RnOWrceS - WORK". 
tmP PARTICIPANTS 'Ali|0 RECMNIZES A KINO OF 'CNICKEN «ND EfiO'^ 
PROBLEH! THE NEEDS FOB ACCESS TO SIN'S NC(M PUT ERS IN A VARIETY Of 
DISCIPLINES ARE I^T «#ELL SPECIFIED OR .(mOERSTOOD, VST IT IS 
LINELY THAT THEV NIU NEVER M TDEtlTI^lEO FULLY UNT iC SCfENTISTS 
HAVE NUCN BETTER ACCESS THAN Af PRESENT • ' 

' -• ® ■ • ' 

Ifl NARY CASES THE ACADEMIC SCIERTIfL^ ARO ERSIREERfRS 

• • • 

; COfWURITY WILL BE LEARRIR6 ARD EXPL0RIR6 DURIRS TNP EARLY STAGES 
OF ARY SUPERCOMPUTER PROSRAM/ fRVENTfl^ REW IDEAS ARD REDEFfRfNS 
OLD ORES AS THEY IRTERACT WITH EACH OTHER ARD A% THEY USe' ARD 
DEVaOP SUPERCOMPUTER SOFTWARE ARD, HARDWARE' As IMIS^ LEARRIRS 
ARp EXPLORIRG PROCEEDS, THE .REe'd FDR LARGE'SCAIE CCMPUtlRG 
CAPACm IR URIVERSniES WILL GROW SUflSTART^I ALL Y . 6lVfN*THE RATE 
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1^ 

AT WHICH SUCH'tCCNMLOdy INMOVES AM CrfANQES^ OPeNING UP STI^L 
MCH O^POITTUfflTfES >Oft EXPLOHATfON^ WC NAY NEVER CATCH UP- In 
MCT; if we ARE MISd THINGS III6HT^ HE SHOtA.-D NEVER CATCH UP HITH 
THE need! ).\. 

tbl^KSHOP PARTICIPANTS IIM fSREElif* THAT tCNTAt PACftlTIES HtfST 
BE .^I6NIPICANTLY ENHANCEP PON A dAIJINCED RESPONSE THESE NE>r 
COMPUTATIONAL OPPORTUNITIES* . SUP^gCWPUTfR ACCESS SHOULD Rfi' 
MANA6ED AS A SC«RCf RESOURCE^ AHO 4liV CALCULATION NOT ^OUIRtNO 
ADVANCED^ CAPABILITY SHOUL^* BE PERPORNED ON SMALLER 
COHPUTENs* Hast SCiENTIPLC CALCULATIONS VILL NOT REQUIRE 

supercohputers^* 

Finally^ vorxNop participant-s a$reeo**that substantially 
enhanded scientipic ncthorks linnin$ many dfverse research 
cmnunittes to each other anb to cohputat lonal facilitfes are 
extremely ihmrtant* for one tnins^ an eppective comunicat ions 
network will ncourage th£ broad sharins op ideas and exferiencts 
ah0n6 i^esearchers and help overcome some op the prafiment at ton 

I^IQH PRESENTLY EXISTS* ITS DEVELOPMENT; IN CONJUNCTION WITH THE 
GROWTH OF SUPERCOMPUTER CAPABILITY^ WILL PUSH THE STATE^OPMHE-- 



ART IN'^SOFTWARE^ NET^TORX DESIGN^ ^OU I PMENT ^ AND NETWORK MANASE" 
HENT AND 6IVE RISE TO NEW^ UNExNiCTED DISCOVER I ES.^. THESE 
DISCOVERIES WIL^ BE USED TO BESISN FUTURE COMPUTATIONAL SYSTEMS 
WELL BEYOND OUR CAPABILITIES TODAY* CMPUTIR N^TWORKS^ f^ROPERLY 
DESUNfeD AND 'MANA6ED> WILL BRING ABOUT EFF ICIENT ^ RMOTE ACCESS 
to THESE SCARCE CCMPUTAT f ORAL RESOURCES- ThESE TM^ THINSS^IIL 
SUBSTANT lALLY ENHANCE TN^ FOUNDAT lOW' S INVESTMENT* 
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In FY our. Fiwt orO€« or business is to ariiance for 

LAME BLOCKS Of TINE AT EXISTINB COMPUTATIONAL SITES FOB MSF 
6RANTEES WHOSE RESEARCW WILL BENEFIT FROH SUCH ACCESS. WB NAVE 
SET ASIDE UP TO i6.0 NILLION FOR THIS PURPOSE So' THAT COIPUTER 
SERVICE CAN BE MADE AVAILABLE TO SCIENTISTS ANO ENOINEERS IN ALL 
ThI DISCIPLINES REPRESENTED IN THE NSF- 

In the fall of 1983, the Foundation issued a solicitation 

INVITINS PROPOSALS WHICH OFFERED BLOCKS OP TIME FOR ySE BY MSF 
RESEARCHERS. SfiyEN COMPETIMVE PROPOSALS WERE RECEIVED AND HAVE 
BEE» .J»E<flEWED BY THE MSF STAFF AND THE NEW .ADVISORY COMMITTEE AT 
iT!r FIRST HEETIira. We EXKpT TO MAKE A DECISION SOMETIME LATE* 
THIS SPRINS. The plan Itf to aAraME for up TO THE EQUIVALENT OF 
ONE SUPERCOMPUTER FOR USeVsy RESEARCI^ERS . 

Ite ARE REQUEST IN6 $20.0 MILLION FOR THE TOTAL PROGRAM IN FY 
J985. INlLE OUR P6ANS ARE STILL EVOLVIIjS, WE ANTICIPATE USINS UP 
TO HALF OF THIS AMOUNT FOR SUPERCiMPUTER' ACCESS BY RESEACHERS. 

»t PLAN TO INITIATE AN ADDITIONAL PHASE OF OUR. L0N6-RAN0E 
MOSHAM BY THE END OF FY i98«l WITH THE SELECTION OF A SCIENTIFIC 
AND TECHNICAL ORGANIZATION TO- MANAS E THE DESI6N/ DEVELOPHENT ,\ AND 
EVENTUAL IMPLEMENTATION OF A NEW CoHPUT AT innAi tlPTfflBff - tniS 
Network will efficiently link researchers with EACH OTHER AND 
WITH EXIST INS AND NEW SUPER^WIPUTER CENTERS AND THEIR TRAINED 

STAFFS. Until THIS NETWffH is complete, or at least Fairly far 

I 



f 



16 



IS 



^'».OnG, ftenOTC access UILL be L;iirTEO to lietAIIVELV stow TCLEPHOHi 
tlNES, AND HAIIY INVEST fSATORS UltL HAVE TO BE ON SITE IN ONDE^O 
, CONDUCT THEIR RESEARCH.' «E KILL PROVIDE SUPPORT FOR THE INITIAL 
STASES OF THIS lUlKfltt, ABOUT $5.0 WLLION, FROM OUR FY 1985 

. Reouest . . ' 

• Another $5-0 million itill be used tct provide lqcal eouipnert 

NEEDED TO ACCESS THE CoHPUTAt lOii^L gtimyui AND TO i^POHl 
: EXPERIMENTS WhlH BROAD-BAND COmilNICAT f^NS • 

t 

' % :[ 

BE.PENDIN6 ON THE FIN/(L C0ST'0F .>THE BLOCKS OFw t INE WHICH WE 
PURCHASE IN FY 198i» AND^Y-1M5, w£ MAY HAVE SUFFICIENT RESOURCES 

wiTHiB OUR Request to consider the initial phase of support for a 

NEW* SOPERCWPUTER USER FACILITY, EITHER BY %0 1 NO-' ON TO AN 
EkiSTIIIO FACILITY OR BEOlNNINd A NEW CENTER. , I SH/U."V IHIS 

Committee fully informed as otm plans' in this reoaro develop. 

CRdSS-DlSCIPLIMARY HgSFARfH CFMTFBS tM FMfiUffFBIMfi 

There ts a third exciting and nationally important area yi 
* our Request wich f mir.d nov like to address: research anjU' 

EDUCATION'- IN Ef^INCERIN6 AND OUR PLANS FOR A NEN PROSRAH FOR 
cross-disciplinary ENSINEERIN6 RESEARCH CENTER^ IN 1985* We 

ARE PROPtfSIN^ $10*0 MILUON FOR THIS PURPOSE AND EXPECT TO FUND* 
UP TO FIVE CENTERS IN THE FIRST YEAR* ^ 
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TnE r»ftC(FO$AL HAS B£EN SNAKED BY THE FOUNDATION'S GENERAL ^ 
RESPONSIflLmES FOR THE HEALTH OF BASIC SCIENCE /^D ENOrNEERINfr 
fN TffE UNITED^ATES* ^RE SPCCfFfC GUIDANCE FRM THE NATIONAL 

Science Board and the National Academy of Engineering led us/^.. 
se^k ways to strengthen^ the engineering education and research- ' 
capabilities of our universjties and colleges- 

.While the specific details of this ncw program are still 
being l#orked out, the centers will; 

o Focus bn m/CjorMechnolo^ical concerns of both inoustHal 

AND NATIONAL ^PORTANCE IN ORDER TO DEVELOP FUMDAMENTAL 

fCNOWLEDGE IN AR^S CR(T|CAL TO U-S- COMPTT I T 1 VENESS IN 

* 

WORLD MARKETS f ^ . * 

• - 

0 Bring together engineers and scientists with different 

SKILLS AND backgrounds .TO FACILITATE THE KINDS OP 
• 'cross-disciplinary' INTERACTIONS AND RESEARCH WHICH 
^ ^ PARALLEL THE WORKING WORLD OF INDUSTilV * AND WHICH ARE 
NEEDED TO SOLVE THE L ONG" T ERM T ECHN I CAL CHALLENGES 

undei^ y i n6 emerging areas of technology- t 
0 Provide the expensive^ stable experimental capabilities, 

INCLUDING INSTRUMENT AT ion, €K ILL ED TECHNICIANS, AND 
MANAGEMENT NOT AVAILABLE TO INDIVIDUAL INVESTIGATORS 
WORKING ON SMALLER STAND^ALONe PROJECTS- 
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0 tNCLUOf ^ARIICIPATION tY INDUSTRIAL SCfENTlSTS' AND 
Efl$ffl£ERS TO kAKC CfRTAiH THAI ACTIVITIES P0CM8 OH 
tOlie-TERM INDUSTRIAL NEEDS AND PROVIDE AN INDUSTRIAL 
'niNDOli'' FOR FACULTY AND STUDENTS TO IMPROVE IMEIR 
UNOERSTANDII^ OF TNE PRACTICE OF (^N8 INEERIN6 « 

0 Involve both sraduate and undergraduate ENdiNEERiNS 

* students in research ACTIVITIES^ 6lVtl» THEN (^NDS^ON 

^ experience ^«ith research and training then to operate hore^ 
effectively in' the 'cross*i>l sc i pl i nary* world. of 
engjneerins practice-' 

We are very excited by the prospect jhat thes^ Centers will 
contrlkute significantly to the substance and* quality of 
engineering research an6 education- 



P«E-^0LLE6E SCIgiiCE EDtlCATICHi 

Let he now Iurn to the final topic: pre-C(h.lege science 
^ education- 

^ » ' • 

There has been a national ground swell of covcern in the last 
few years about the quality of pre-college science and 

HATHEHATICS EDIfCATfoN IN OUR NATION'S PRIMARY AND SECONDARY 

SCHOOLS^ Editorials across the country have decried the state of 

AFFAIRS^ ATTRIBUTIHG It TO A VARIETY OF CAUSES- SCHOOL BOARDS/ 
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TCACNER8 ASSOCIATIONS^ PARENTS GfiOUFS^ SCIENTIFIC AND 
PROFESSIONAL SOCIETIES^ ^ND OTHEflS IN STATE AFTER STATE AR£ 
DISCUSSING THE PROSLEH AND PROFOSINS REMEDIES* 



We have. BEE>^ VORKINQ very CtOSEtV WITH THE CONGRESS SINCE 

lAst Spring to implement a new program in pre-ktollege science and 
mathematics education itnich* is responsive to these challenges^- 

In THIS/ HE HAVE BEEN GUIDED BY THE RECMMENDAT |0N$ OF THE' 

National Science Board ^o^ssion on Precim.lege Education in 

riATHENATICS, SCIENCE AND TECHNOLOGY. ThEIR REPORT IDENTIFIED 
THREE KINDS OF TALENT REQUIRED AMONG OUR CITIZENS: 



0 Professional scientists^ EwiiN&ERS/ and technician -—^he^ 

CENTERPIECE OF OUR TECHNIH.OGICAL SOCIETY* ' 



0 The investor^s^ businessmen^ legislators^ and decision 

MAKERS who MVST HAVf ,AN UNOERSt AIN)l NG OF SCIENCE AND 



technology TO €MKY OUT THEIR DAV-TO^DAY tfORK; AND 
0 ^ SCI ENT IF ICA££r AWARE AND UNDER8T ARISING CITIZENRY* 



(kir educational ns^s.f|k must serve students with immensely 
varied abilities and cia^turat backgroums » 

The problem is;^ How can the NSF provide the basis for*high. 
quality science and mathematics pre^college education that serves 

TH^S FULL SPECTRUM OF STUDENTS? Me T RAD f T f ORAL L Y AND 
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APPROMIAKLV HAVE BEEN COMCERNED WItM THE SUPPtf* OF 

MAtHEMAtlClAMS^ JSC I Eff T I ST S ^ AND EII«fllEEflS« OUR GRADUATE- 
PR06RAH$^ OUR SUPPORT OF RESEARCH^ OtM DEVELOPMENT OF HODEt 
PRE-COtLEGE CURRICULA IN THE MAJOR DISCin.fNES^ AND OUR IfFORTS 
TO UPGRADE THE SKILLS OF SCIENCE TEACHERS HAVE A&L BEEN DIRECTED 
TOKARD THIS OBJECTIVE- . « 

* 

But row the coMTfiv challenges us with a much more diffici^t 

problem: the 0UM.'ftV OF GENERAL EDUCAT tON . FOR ALL STVDENTS- Uc 
WELCOME THAT CHALLENGE; WE BELIEVE tHAT MSF CAN PLAY A 

significant role- • ' ^ 

At the same time^ we are keemly aware of the puuralistic 

NATURE OF OUR SYSTEM- ThERE AHE IMPORTANT AND APPROPRIATE 
LIMITATIONS BOTH FOR GOVERIMENT IN GENERAL AND THE NATIONAL 

Science Foundation in particular. NSF's principal strengths are* 

ITS CLOSE TIES WfTtf ACADEMIC INSTITUTIONS^ ITS * ^XPERI'enCE IN 
supporting RESEARCH^ AND ITS TRADITION OF PEER REVIEW T4) ENSURE 

% 

EXCELLENCE* IT IS NOT OUR PLACE TO PARTICIPATE MASSIVELY IN THE 
PRE^-COLLEGE EDUCATIONAL ENTERpAf I S£ * RaTHER^ OUR BEST ROLE IS AS 
A CATALYST^ ENCOURAGING AND SUPPORTING THE PARTICIPATION OF SUCH 
DIVERS^ GROUPS AS SCIENTIFIC SOCIETIES^ EDUCATIONAL PUBLISHERS/ 
EDUCATIONAL DEVELOPERS, AND SCHOOL SYSTEMS* 
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UhH these IOCAS in mind, OUn IRHIAL PHOfillAf^^HAS TIfO KA^OII* 

1* PROSRANS 10 IRtREASE T44E KROWLEDGE %no StCIltS OF 
% f»RACTIClR6 TEACHERS ARD TO ERHARCE THE PRESTIGE Of^ THE 
PROFESSIOR; TO DEVELOP MATERIALS 4R0 TEACHIR6 AfDS K> HAKE 
SCljERTIFI^ ^ONCEPTS^LEAR TO ALL STUDERTS; TO D^HORSTRATE 
REM METHODS THAT CAR IMPROVE THE TEACHIR6 ERVIROmERr; ARD 
TO 1MTE6RATE MEW TECHM0L(>6Y IRTO TEACMfM* 

2* Programs ^0 BETTER (miderstamd^ scierce educatior Pffo^Efis; 

ASSESS THE SUCCESS OF EXISTIRG ARO REIT TOOtT^RD 
MeTH0lR>L06fESi AMD I^SUE APPROACHES THAT- OFFER PROMfSE OF 
IMPROVEMERT IR SCIENCE EDUCATION OUTSIDE THE CLASSROOM* 



^ A HYBRID MANAGEMENT STYLE IS REQUIRED TO CARRY OUT Ti^E 

TASKS* Ne must have A SYSTEM THAT IS OPEN TO ANY PROPOSAL 

MERIT ^ YET AT THE SAME TIME CAN FOCUS EFFORTS IN A PL ANR ED WAY' SO 

THAT WE PROCEED FROM PROBLEM DEFINITIONS TO DESIGRj TO MA^OR 

DEVELOPMENT/ AND FINALLY TO ACTIVE APPLICATION IN AN APPRECIABLE 

# 

NUMBER OF CLASSROCMS . r 

We AUk ENCOURAGING THE CONVENING OF PLANNING W>RK$HOPS BY A 
VARIETY OF SClERTlFfC/ PROFESSIORAL^ AND EDUCATIONAL ASSOCIATIONS 
TO HELP DEVELOP CONSENSUS ON NEEDS AND TO FOCUS BETTER THE 
PROPOSALS THAT ARE SUBMlfTED Tt> US * WE WILL THEN USE AN ACTIVE 
PBER PEV lEW PROCESS BROADENED TO I RCLUDE ALL OF THE 
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SCICMTt^IC, « E01H:a1IOIIAL/ ECOHmiC/ TCCHNICAL^ AHD INSTnuilbilAt 
KNOITLEMC HEQUIRED fOn JUMEffENTS OF EDUCATIONAL EXCELLENCE AND 
UllLtflY TO SELfiCT THE BEST OF THESE* WE ANE PRESENTLY 

DESIONffiO AN 0N6ANI ZAT I ONAL AND PLANNING S1YLE APPNOPRIATE TO* 
TN^SE HANAgCnEI^ CHALLEfi6E$/ ANtf f EXPECT. 10 BE REP0RTIIt6 ON OUR 
PROSRESS TO THIS COWIT TEE SOON.* 

The SciENCt and Ensinee^ins Education Directorate was 

f(fc*ESTABLISHED ON (kTTOBER 1/ 1983U AND W ARfi V0RXIN6 fO STAFF It 
VITH EXPERTS IN APPROPRIATE FIELDS. - An ADVISORY CONHITTEE WILL 
SOON BE APPOINTED TO PROVIDE US WITH EXPERT VIEWS ON OUR PROfiRANS 
AS THEY EVOLVE* NEARLY aU 1983 APPROPRIATED FUNDS HAVE BEEN 
OBLISATED, MOSTLY TO TEACHfNS HAIERIALS DEVELOPMENT AND HONOR)^ 
TEACHER WORKSHOPS^ AND WE ARE WRlCINe HARD TO EVALUATE THE 
PROPOSALS RECEIVED IN FY 198<l* . . 

He are REOUEStlNS A TOTAL OF i54^7 MILLION FOR PRE-*COLLEGE 
SCIENCE AND NATHENATIfS AGAIN IN FY 1985* I F|im.Y BELIEV^ THAT/ 
AT THIS LtVEL WE WILL BE ABLE TO BUILD UP THE XfRO OF Hl6H 
DUALITY SCIENCE EDUCATION PrfOORAM THAT IS MORE FOCUSED; MORE 
STABLE/ AND MORE COMSISTENTHHAN THOSE WE HAVE HAD IN THE PAST/ A 
PROGRAM THAT DRAWS ON THE BEST THA^, THE KSF HAS TO OFFER/ 

ALLOWING IT TO PLAY ITS PR(ipER EDUCATIONAL ROLE OF CATALYST AND 

i 

SUPPORTER . '"^ 
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^ Me believe that the Aoh in i strati on has subhitted a 

NEtV-BALANCED B^DSET ^REQUEST FOR FY 1985 FOR THE MSF . It 
PROPOSES SI6NIFICANT INCREASES IN THOSE FIELDS OF RESEARCH 
-~CHE«IST»Y. PHYSICS, MATERIALS, COHPUTER SCIENCE, EN8INEER|M$; 
PLANT BIOLOSy, 6E0SC lENCE . <ilATHEHAT ICS — WHICH ARE IHPORTANT TO 
OUR ECONOMIC CONPET IT IVENESS AND NATIONAL SEcllRITy/^ I HAVE 
EnraAStZED THREE OF Otm NOST EXCITING INITIATIVES a/nELL AS 'ooR 
EfVoRT5 to design an effective PROORAN in PRE-C0LLE6^ SCIENCE AND 
MATHEMATICS EDUCATION. ^ 

«E SUPPORT MANY 8CIE»lfl8T% AMD EMIMEERS, DInrCTtY AND 

inoirectly; across, the Iation. All of our activities have ^ 

8TB0«8 EDUCATIONAL IMFLOEtlCI ON OUR COLLES UNIVERSITIES* 

The nearly I^.percenj iNcreASE^w are request ins in F^T 1985 kill 

STRENGTHEN THESE FEATURE^ OP OUR PR06RANS, ESPECIALLY OUR 
EMPHASIS ON RESEARCH INSTRiMENTATlON. * 

I tiR6E .vt)UR Committee to support the Administration's 

REOUEST . V ' ' • 
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OTATKMKNT OK JAIME (JlM) DIAZ. DEPARTMENT OF 
PSYGHOU)GV, UNIVERSITY OF WASHINGTON. SEATliE, WA 

Dr. Diaz. As a physiological psychologist, my science in general 
involves how the bralti medidtes behavior. More specifical^, my re- 
search examines how the brain develops and especially how "normal 
bram deiselopment can Be disrupted by different factors, for in- 
stance drugs and undernutrition. Currently, my research is focus- 
ing on a particular phase of brain developmeilt, a period that is 
called a ' brain growth spurt" 

As the name implies, the brain growth-spurt is a time when the 
bram IS growing at its absolutely fastest rate. The first slide shows 
velocity curvra, just how fast the brain is gnnving, for a variety ef 
species.^, would like to draw your attention to the soIuyi||^line, 
which is the brain growth sjmrt for the human. Forl^^^Kan,, 
the brain growth spurt begins around mid-pregnan^^^V^A 
extend well into the fourth post-natal yfear, and it p^lWSound 
the time of bir^h. The brain growth spurt happens in all mammals, 
and Its timing relative to birth, as you can see, varies frt)in species 
to species. 

What exactly is happeijing during this time is that there is ex- 
plosive growth. In particular, what you have is thfe esM)lishment 
of some populations of cells, but more imporj^tly what is happen- 
ing during this period is that it is a4;ime for the formation of con- 
nections between the neurons and the central nervous system. 
Quite literally, the brain is wiring itself up during this time. Cells 
are making point-to-point contact; Unfortunately, the period of 
fastest growth is ^ a period of maximum vulnerability, which is 
to say that during this complicated growth program,, the growth of 
the bram at this time is most ^ily disrupted by a variety of dif 
ferent insults or traumas. 

Now, when you think about it, the brain is the single most im- 
portant organ, in terms of behavior. What we do and what we are 
IS how the brain works. And so, that the wiring happens so quickly 
and that the wiring of this particular organ can be disrupted so 
easily is what I find particularly interesting as a psychologic and 
why I feel compelled to study this particular period of brain 
growth. 

To study the particulars of the vulnerability during this time 
ne<»ssarily means that you are going to have to go to animal 
models. It makes it problematic. Notice that the brain growth spurt 
for the rat, which is the dotted line* to the right, occurs primarily 
post-natally. It occurs after birth in the rat, whereas in the human 
It IS occurring before and after the event of birth. So an important 
point from a family of curves like this is that the fetal rat is not 
the same as the fetal human. If you are going to model an impor- 
tant period of brain growth in an animal like the rat. you have to 
be aware of the fact that you have to compare stages of develop- 
ment, as opposed to the absolute age. 

Once you have come to that kind of conceptual breakthrough, 
then a methodological problem immediately presents itself If you 
are going to model the brain growth spurt m the rat, you will nec- 
e^rily have to involve working with rat pups that are nursing. 
That is a mtyor problem. 
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, One of my strongest interests is the effect of drugs on brain de- 
velopment. Any drug, any trauma that you may induce during this 
nursing period, is going to interfere with nursing. If you find your 
results are promising, you do not know if those results are due to 
the actual drug or manipulation' or if it is due to the fact that these 
animals are not nursing properly. So what you need is an animal 
that do^ not have^ to nurse, although an animal at this age cannot 
survive on its own. , » • . j • 

To solve this dilemma, I have refined a surgical procedure in 
which I surgically install a feeding line directly to the rat pups. 
What I have is a rat that does not have to nurse. This is a ^^f^V- . 
old rat pup, an<Wyou can see in the front, on the left side of the 
' animal, there is a tube. These animals get fed directly, and they do 
not have to nut^. So I maintain these animals in these plastic 
cups, in warm water baths, and now I have" a pfeparation tha^ 
allows me to look at this particular period of time— more impor- 
tantly, this particular period of brain growth— and rfot have to 
worry about an animal that is»not nursing. All the animdls are re- 
■ ceiving the same (imourtt of milk ^t flie same time of day. 

With t;his kind of a preparation,' w^ are able to examine and 
model the brain growth spurt. ^ 

One of the drugs that is most commonly used m human neonates 
and ittfants are barbiturates, oddly enough. So we looked at phei^o- 
barbital, which is perhaps. the most popular drUg given to infants. 
We looked at that first. Recall now that the brain growth spurt can 
extend lAto the fdurth postnatal year. We want^ to model what 
would happen if you exposed a developing brain to a drug as pow- 
erful as barbiturateaduring this time. 

^*4Sfhat we found this: That, usin| this procedure, we were 
able to maintain bodT weights-body weights are on the left side- 
so our animals did not lose any weight, they were adequately nour- 
ished, but we found that phenobarbital, given at a time that 
mimics the early postnatal time in a human, ?nd at doses that are 
clinically within the ballpark of what infants will see in a clinic, 
retards brain growth and retards brain growth significantly. 

The importance of something like this is, if you pick up most pe- 
diatric neurology textbooks, phenobarbital is considered safe. It is a 
safe drug to give to infants. The reason it is safe is, infants do not 
die. but this kind of attitude does not address itself to the notiop ot 
a brain that is connecting, a period of brain growth that is essei^- 
tial for this person as they develop and for later life. So the posi- 
tion that I maintain, in terms of drugs that are pr^ribed, >s that 
anything that will disrupt the brain growth spurt is a risk. Until 
now, there was no way of adequately trying tdHigu# out just how 

•much of a risk it is, anfl this kind of a procedure enables not only 
the studying of the brain and what is necessary for normal brain 
development but can help in assessing just how traumatic certain 
drug exposures may be^ , 

T^e general feeling^f the medical community right now is that 
once an infant or a developing individual passes the first trimester% 
they are out of the woods; it is safe. While it is true that the fir?l 
trimester is a time for organs to form, including the brain, I find 
that this is to ignore the critical peridds that occur later in geste- 

. tion, say the third trimester and certainly poetnatally. If the atti- 
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tude is that after the first triioestfer. an infant is safe or "a develop- ' 
ing.fetu9 is safe, cer&inly after the person, is bom, people have lex . 
^of a concern about drug exposures and about traumatic expc^un^- *•* 
, I think that my data talk to a more cautious ajmroach to it. ^ 
We^defcidedt using this model, to look at the efiFects of alcohd.^t a 
time of brain growth that is similar to a third trimeter. Again, the * 
notion in this {articular line of research to explode me myth - 
that once ym ftara the first trin^ster that a. person is safe. We ex-,. ,^ 
posed animals for a very short period of time to aloohol, at levefrf ' 
that were not unlike the levels tJiat are seen in clinic^ certainly In 
the Seattle areli. to women that were not cautious of their dni]|£|ng 
during pregnancy. We found similar results, without^ any drop pi 
body weight, for a^QBstantial dipp in braiQ ^^letigh^y . , 
• You can see the data on the right for braiH weights. If you lo(dr 
, at the brains themselves^ you can see it Alcohol luusi a sev^Jy re--' • 
tarding effect on brain development. So witibi this model* wp^'^re 
abje to develop an £»xurate model of fetal ala>hotsyndrome,/s^ Jar. 
as brain growth is a>n(^med. . ; ' ■ * f 

When we looked at the actual neurons involved in this, this is a 
neuron in a particular part of the brain in a control ammaLiliis is r 
: that similfin- type of neutx>n in aQ al(X>hol animal. You ^ran see tRafl£|t 
the bush, that elaborate network around the cell i>ody, is hkrdly de^; -; 
. veloped. So these connections, the events that are h^ppenini^;^ 
during the brain growth spurt, were disrupted by this,^ and jt i|i tff* 
profound* (effect and talks to the <»UtiQn ^urtr one should haVe con- 
cerrifng exposures during the brain growth smtrt' - - 
. Our research has taken us to not only looking at drugs but look- 
ing at nutrition and using the procedure to look at formulas. What 
if we w^re to feed rats formulas that ha d differe nt gif^^^^*^ ni.px^ 
tein, iffi Ihis earlji »|mi mwo T\\r "T^ ij^OiUMtV;this particular Aide 
is "protein enriched." We can find that not only will we alter brain 
gfowth, but we can affect behavior as well. So, while there m^y M 
less dramatic effecfts in*4emis of malformations and thUigs that jrou 
can gee, the period of time when the br^n isTgiDwing at that par- 
ticular rate is a very volatile time in terms of the final outcome ibr 
hat animai. 1 think our work has talked not dhly to drugs iHit'has 
alkeid to basically what is neceMary to build a brain, whatsis* nec- 
essary to build a normal brain. We have been able to look at 4 %^ri- 
ety of {lifTerent factors involved in this: recovery factora, hcW does 
the brain respond when it is being insulted, and how can we maxi- 
mize that or minimize that, and what will' interfere with the 
brain's resoonse to an insult? - . « - , 

Oive 6f the benefits of usiitg this procedlit^ as we developed it is 
that a variety, of different research lines opened up. By using this 
surgical promlure of feeding animals, we are aWe to generate en- 
Vi^ly new lines ^of research ^hat were not.£ivailable oefore.'^One 
F^rtiCMlar line is, y we can feed rats with this particular proc*edure 
early J n life, during critical periods, then we can overffeed them. . 
One partioular line wsGs to make these infant rats obese and exam- 
ine the question ofv '-Do^lat babies remain falT* What are the bio- 
chemical namificatidhs^ Ibr' being flat eaHy tn life? 

This type of research line is not and was not availf^ile befofe the 
surgical procedure. Sojjythin developing and withiU the guidelines 
of my research topicf we^were able to start spinning off separate 
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linte that did not show up before, that we did not anticipate .before, 
omceming issues that are important and issues that were npt ap- 
proachable before this. ■ 

The effect of formula feeding is another whole research area that 
pow we can examine directly in terms of what is neconanr in a for- 
mula for normal brain growth and for the development of a normal 
individual. Those ar« tjie lines of research that we haite been pur- 
suing under the NSF grknt. « 

The Chaibman. Thank you so much. We will now turn to Dr. 
John Knauss, who is the dean of the Graduate School of Ocean Sci- 
ences, at the University of Rhode Island, which of course is one of 
the Nation's premiere mstitutions for oceanographic research. As I 
understand it. Dr. Kti^uss, you are going to describe several of the 
NSF-supported research pr^ecta funded by the Ocean Sciences Pro- 
gram, including the ^research vessel Entkfivcr. 

STATEMENT OF JOHN A. KNAUSS, DEAN. GRADUATE SCHOOL OF 
OCEANOGRAPHY. UNIVERSITY OF RHODE ISLAND, NARRAGAN- 
SETT.RI 

Dr. Knauss. What I'%TOuld like to do today is to focus on work 
that my colleagues and I have d<^ oVer a numl)^r of years on Uie ' 
Gulf Stx«am- Much of ihalt work is being done with our recNBarch 
vessel Endeavor. ' . 

The Gulf StreMn is a feature which has captui^ our imagina- 
tions for well-over 200 ^rs, of sailors^ well m scientnts. Trying 
to understand the complexity of theLGuIf ^x«am is certainly an in- 
teresting and worthy intellectual challenge, bu^it also hlas some 
importance in the following way. We ara,now convinced that the 
changes in the weather from yeAr^o year are controlled by ocean 
Ncurrents. One of Uie Uiings we expect to be aUe to do irf Uie next 
^ years u to be aUe to predid th<»e changes in ocean climate. Not 
whether iT'is going to rain in Salt Lake CitV in 1985 on July 4, but 
whether or not July will be a wetter vmu* than .normal and whetl^ 
er or not 'Uiere^snlf be more snow packed in tJhe mmuitains in 1986 

rin 1985, sbd that sort of thing, Uiose long-ran^e changes or, I 
Id say, short-range climatic changes trends in the weawer. 
These are all controlled, we now know, by ranall perturiwtions in 
ocean currents. . », i. 

The Chairman. We cmild sure use some help out tiwre m Utah; 
Dr. Knauss. The Gulf Stream, which is the mightiest of our 
ocean currents, at least in tji^ Northern Hemisphere, is certainly a 
part of that picture. And trying to under^nd the perturbations of 
the Gulf Stream will lead Us, we believe, eventually to be able to 
understand the change in climate. , 

Let me start with the first picture of the Gulf Stream ever 
drawn. That was done by Qei^jamin Franklin, back in 1770, I be- 
lieve. You can see the Cfulf Stream as a mighty river in the sea, 
and we think of it as a river in the sea, transporting the heat from 
the scmth up to the nmfli and Uien to the east (Fw. 1).* 

One hundred years later, , a Mr. Findley, would show the Gulf 
Stream as a small nossde down here at Cape Hatteras and Uien 
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directions to the east. That is how we tfaoueht 
thgGutf Stream looked niaybe about 1870 (F^. 2). 
This IS a picture drawn about 1970 <F1g. 8). What you see is a 
. number of diflerent rtctures of the Gulf Stream. Each one of those 
pattenis, if you couM follow it, is thfe Gulf Stream at any particular 
time. What you are seeing is the ec^ of the Gulf Stream. The Gulf 
btream itself is still JOO or so miles wide. But feach time it mean- 
ders along £|o that it is still a river in the sea. buyt does spread out 
^ as one goes. That is. the banks of the river, if yoWrill, become very 
' indistinct. ; . ' 

To make that picture was a lot of work. It required taking a ship 
down at the beginning, at Cape Hatteras, arid moving up along the 
Gulf Stream. foUowing the e^se of the Gulf Stream, and measuring 
the temperature, not only^at the surface but at depth, as you wiU 
see. There, is a number of man-jQonths of effort to make that kind 
of a picture. 

' -Now wb have satellites, and this is a satelUte picture of the Gulf 
htream, showing the surface temperature of the w^m as described 
by the satellite. The blue is cold, the green gets warmer, and the 
yeUowish-reddish colors are the warmest of e&. The white that yqii 
see in this picture and other pictures are clouds, and we cannot set 
• away froth'that problem. 

The Chairman. How was th&t taken? >s 

Dr. Knauss. That is with a satellite. 

The Chairman. That is a satellite picture then? 

Dr. Knauss. That is not a. picture. That is the sea-surface tem- 

' perature , 

The Chairman. As represented by colore? 

Dr. Knauss. By colors. What the satellite does is to accept the 
radmtidn in the infrared, which determines what the temperature. 
„i8. All w^have done is essentially to color-code it What the satel- 
lite gives us is the radiation information, and then we just put it 
into a computer, and the blue comes out cold and grran and so 
forthrss you see. >- 

If you want to i|iake your computer a little more fancy— and you 
cannot see it quite so well there— you can get rid of all the otSier 
colors and leave the Gulf Stream looking almost like Franklin's 
Oulf Stream, essentially as a riVer in the sea, movii^ down there. 
But remember that this river jn the sea, 'if you wifi, is going to 
move about from place to place. 
This is a picture' of the temperature of the ocean a» we go acrmd 
. the Gulf Stream, where the red is the warm water ahd it gets cold 
j5* as we go down (Fig. 4). The temperature^ is in degrees centigrade. 
We have what we call the "cold wall." You can almost see it there 
"J. ^^^^ the isotherms <irop dramatically straight down 

(Fig. D). That is where the Gulf Stream really is. That is where the ' 
real edge of the Gulf Stream is- What happens at times, however, 
. IS that sort of a low,, small layer of warm water gets off to one skte, 
so you would get a false position en where the Gulf Stream is, if ail 
you had was satellite alone (Fig. 6). 

What we would like to be able to do is to figure out a way to 
keep track of where the real Gulf ^t^am is, without havhig to go 
out with a ship and make mecMurements ori a very labor-intensii^ 
basis. We have a Way of doing th^ now. , • 
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That, by the way, ia a picture of our. research ve^l. Endeavor, 
which is owned by the National Science Foundation. We operate it 
and have operated it now for about 7 years. It is 175 feet long, <»r- 
ries a crew of 12, and we can carry about 16 or 18 on a scientific 
party. We keep it at sea About 280 days a year. There are about 13 
shtp6|Iike*this in the academic fleet around the United States. 
have one, the University of Washington has one, Oregon State, and 
so forth. They are very efficltait vessels. I think they are the most 
efficient r^warch ve^ls in the world, and most of these are sui> 
ported by the National Science Foundation- Many of them were 
built by the National Science Foundation. 

This is the device that allows us tp know a little bit about where 
the Gulf Stream is, without going out and measuring the tempera- 
ture directly. If you have ever been aboard a ship with an echo 
sunder, which measures the depth to the o(^n bottonri, what it 
doed is send out a sound pulse, The sound pulse goes to the bottopn 
and comes baek, and you measure the time it takes for the pulse to 
go to the bottom and come l»ck. That determines how deep the 
water is. , 

If you put an echo wHinder on the bottom of the oc^n and ping 
up to the surface and back and forth, you would measure tjie depth 
of the water, and you would think, therefore, if you .did that, and 
you left it there for 6 months or so, you would alwaj^ get the same 
depth. However, the speed of sound is a function of the tempera- 
ture of th^ water. So if the water is warmer than average, it looks 
like the depth is less becau^ the time for going back and forth is 
less. If the water is colder, then clearly it looks like the depth of 
the Water ia^teaifir. . 

If we put/an echo souhder on the bottom of the ocean, such as 
that device there, and we put it down and leave it there for about 2 
months— all it has are some batterijes, a sound source, and a tape 
reconl^r— it pings up on the surface and measures the apparent 
depth of the watfcr. Then we go teck alwut 2 years later and send a 
• signal 4DWn to it. It drops its weight and pops back up to the sur- 
face, and we bring it home and then measure where the Gulf 
Stream wa% Here is a series of these that we have put out across 
the range of the Gulf Stream, where we can keep track of the Gulf 
Stream, of the cold wall of the Gulf Stream, by this kind of a 
device. , , . 

We are checking this with the satellites because, by dettitmining 
when the Gulf Streato spews off the edge, as it does, with a satel- 
lite as well as with thi» device, we hope eventually to be able to use 
the satellites as a true me%ins of keeping track of where the Gulf 
Stream is. rather than sort of a false image of'where the Gulf 
Stream is at times. l / ^ ir 

This is another device we have used for tracking the Gulf 
Stream; This is a drift bottle, only it is an underwater drift Iwttle. I 
will not gft into the details, but we can send this down to maybe 
2.(MM» fcft. It goes along and sends out a sound signal every few 
hcHirs and so forth, ahd we track it just like people track 
submarines. That is, we have listening posts off the shore of land 
nnd on islands, and by triangulating on that sound, we can track 
that underwater drift bottle as it moves thmugh the ocean. 
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^ The white lines you see there are where the Gulf Stream normal- 
1v is, and you can get some kind of a cross-section of what the Gulf 
Sti'eamlB. From an earlier picture, we put that device, where is th? 
red wiggly sfMtghetti line ^ou see there in the center of the screen, 
that was in the middle of the Sarga^ Sea. It sort of wandered 
around at random, more br Fess, foir about 2 or 3 months. Then it 
got into fhe Gulf Stream and came quickly up to the. Northeast. It 
popped out of the Gulf Stream, as you can see where that loop is, 
cnme hack in a reverse pattern, got back into the Gulf Stream, and 
then moved on forth. ' 

So now we find we not only have a river in the sea but we have a 
leaky river in the sea, if you will. That w, we can bring water in 
from one side, and we can pop it out on the other. We now have a 
program where we are doing this in a much more systematic way, 
where we are tracking these Underwater drift bottler in the Gulf 
Stfipam on a r^^lar and systematic way, tryii^ to determine to 
some extent how the water flows in and out of tm^ Gulf Stream »a8 
the Gulf Stream itself flows along. 

The Gulf Stream does other kinds of wonderful things (Fig. 7). As 
it meanders along, as in the upper left*hand comer, where yoU see 
the Gulf Stream has a little dip .to it, then it has a bigger dip a 
couple of weeks later. Then It breaks off and it has a liUle f iM to , 
it* These Gulf Stream rings are^big* They may be several hundred 
miles across, and they have a life their own. 

Here is a picture of work we did abcnit 10 years or so ago, show- 
ing (Fig. 8)— one of these rings from the Gull^ream that broke off 
like that and followed it down for better than 2 years, when it fi- 
nally came to pieces down off the omst of Florida. The Gulf Stream 
does these kinds of things also. These rings, by the way, pop up not 
only on the south side of the Gulf Stream^t also oh the norths 



Finally, I jvant to show you three pictures of the Gulf Stream in 
fiome of its real complexity. Again, this is a satellite phc^ of the 
surface temperature? You can ^e the Qulf Stream coming down to 
the south. As it gets up there into the, middle of the screen, it looks 
like it Is itjoing In all directions. You see other kinds of strange 
things around it. 

Again^i/ you play gamra with our computer, you can takfe the 
Gulf Stwam out of it. Hei^ is the Gulf Stream itself, with a mean- 
der pattern and a big blip and then another meander imttem. The 
one far over is just in the process-^of fomiing one of those big cold- 
core rings that we had before. The Gulf Stream is m^ildering very 
much, as you can see. 

Now 1 put the rin^ back in. You can see, first off, there is ft 
warm ring, which is brownish color, in the'center, which is kind of 
elongated, ellipsoid, which is caught almost in the Gulf Stream. 
There is a stHrond rir^* over further to the left, which has caught 
some water and swept it up into it, almc^t like a hurricane does, 
sweeping water out of the Gulf Stream. It is a little less brown; it is 
more gn^en because it is cooling off. Then finally, down here closer 
to New Jen^ey is a cold green ring of the Gulf Stream. Th<w;e rings 
.prohH|||^;iave liv^ on the order of 0 to 9 months. 

Further down to the soyth in mmething which we do not really 
understand because* we have only seen it a few times in the last 
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few mofiths. It is c^c^ntiatiy a swaUx of warm water which is beii^ 
pushed out from the Gulf Stream. 

Mr. Chairman, what I wanted to tnr to show very quickly are the 
kinds of things that we are ^le to do with new and modera tech- 
niqiies that we have in ^udying the oc?eah. We use as an example^ 
the Gulf Stream whichi ^as I said, from the time of. Benjamin 
Franklin has been the object intense interest, and I hope to 
point out it is not only of great intellectual interest and curiosity 
but'iilm, because of its importance in the long teim, enalrfing us to 
uncterstand how this hrat transfer takes pla<^. We hope it wiU tell 
us a lot about Jbow the ocean interacts with the atm<»pheVe. We 
hope that ;naybe in ^ or ^ years^ by understanding more abcnit 
such things as the Gulf Strram and other mi^r currents in the 
ocean, to be able to do a better job oi helping you with that snow 
fMt^lem in Utah, lliank you. 

[The figures referred to as 1 thrmigh 8 follow:] 
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The CfiAiaifAN. Thanl^ you. Dr. Knauss. ThS has been very in- 
^ter^^ng do far 

Dr: Laurence Strong is resrarch professor of chemistry at Earl- 
c4iam College in Richm<md, IN^ His research is funded as part of 
tiSF* s increased emphasis on improving reseairh opportunitieB at 
. 2-year and 4-year colleges ^d universities. As l-unctereiand it, this 
is a cro^-discip|inar^ program, called research at predominantly 
undergraduate institiitiotffirSo we will turn the time over to ymi» 
Dr. Strong. We are very happy to have you here. 

STATEMENT OF LAURENCE a OTRONG, R»3PARCH PROFESSOR 
' py CHEMI S TRY, EARLHAM COLLEGE, KICHMUW P; ITT ' 

Dr. SrRONG.'The two grants that I have fnnn the Naii<mal Sci- 
ejice Foundation are frmn ,the program caUb^ two imd Tcmr-year 
college research instrum^ntatichi {mgram, wtech I suppose now ap- 
pears mor^ as predohiiAdntly undeiie^duate iruttitutions. 

I might say ajittle bit about the institution wher6 I. am. It k a 
liberal arts college of dbout 1,000 students. It has a long history of 
v^ending students from the sciences on in to suivanced degrees, to 
work as scientists in later years. Hie research that I am going to 
tell you about is a project that b^an nearlv 2X) and aroee 

otit of some of the tlhinsps that interesteo me in my teiU^hiAg of 
chemistry. • 

During the past 10 ye^irs, approximately, I have Yisd about 30 
students, undergraduate students, who have participated in this 
work. In addition to the two grants from the National Science 
Foundation for instnunents, I have also had a number of other 
grants from other agencies, mainly for supporting students durii^ 
the summertime to wwk with me: * ^ 

1 might begin by indicating something of the significance of the 
kind of work that we are doing. It is a project that is dbncerned 
with trying to find out more about bow individual atoms and smair 
groups of atoms attach to a more complex molecule and affect Uie 
properti^ of the fnolecule. This is important in trying to design 
molecules for particular purpose. 

One of the people who tms bwn (^rticularly active in this in 
recent years is Profiler Hanch at Pomona College, who has devel- 
oped a system whereby you can organize the data and pii^ict bio- 
fogical activities of complex molecules from data about the individ- 
ual-parts of the molecule. His procedure is being med now increas- 
ingly by pharmaceutical firms, by manufacturers, dmigners of pes- 
1;i.cides, and herbicides, and a variety of other sul^tanq^ of consid- 
erable use in our society. In fact, sinbe I prepared my testimony, I 
tiave had ^ manuscript, from him, just in the last couple of days,' 
describing work that has been done recently in J£t{mn. 
" One is to design a betier Imcteria static agent and the other is po 
design a better herbicide for use, I gather, in ricefields and such 
Enterprises. The conclusion from this manuwript seems to be that 
these kinds of dat2i and this sy8te^m of organizing the data are ex? 
tremely useful in making molecules that are as efficient as possi- 
ble. This kind of work, in this case, was of concern to ^apane^. sci- 
entists arid drug designers. 
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A good deal of work has been done ip this area over many years 
by 9 great many 3ifferent pe<H>le, and a lot of information has been 
collected. Even so, it e^med to me several years ago^that there are 
also items of data that are not available, either because people 
have not worked on them or because there simply have been too 
few instance collected to draw some useful generalizations. So we 
are, in a sense, trying to fill some of th^ie gaps. My particular in- 
terest is in the energetics of the ionization of molecules. 

The kind^df molecule we have been working with I have here in 
a 100, millionfotd ma^ifU^ation, as a molecular model such as 
chemists would use: This is benzoic acid, in which the blaek repre- 
seats oirboh akmis* ihfi white represents hydrogen atmn^ and the 
red 0xygen«atom^. The part which is of immediate interest, which 
we measure. Is the ability of this hydrc^n atom to be sefmrated 
from the rest ^ the molecule or ionited. This fomra the acidity of 
the molecules.and, in this cam, benzoki acid. . . ^ 

One reason for using is that it Has this r^d fmmework, whkh 
actually represents six carbon atoms, the hexagon in my hand, and 
various atoms, and^molecules be attact^ around* the five posi- 
tions that are indicated by the white hydrogen atoms. I nave 
brought -along one, for example, on which we have worked, which 
has two |^x)ups attached where my hands itre to form dimethylbenr' 
zoie-acid, to use the chemiists' terminology for it. 

So what we, do, what students have been doing, is to prepare in 
highly ftiirified form one or another of these substan^ and then 
measure th^ acidity, meamire extent to which this atoin is lost 
in the. preface of various other groups attached to the molecule. 
If I coul^ turn on the overti^iul projector, it will show on the 
' screen. This is a plot o( some of our data for a grbup of methylben* 
zoic acids in .which the benzoic acid has been numbered around this- 
* hexagon from 1, ^n^re the oxygens are, 2, 3, 4, 5, and 6. So the 
numbers on tl^ right, 26, 236, and so forth, indicate positions 
on the ring to Which the methyl group has been attached. The line 
of dashes iipar tne lower one-third of the plot is representative of 
benzoic acid. ^ 

The acidity increases as you go from bottom to top of thiq plot, 
and the numbeips on the left and right axes are just the mrasures 
that are used of the acidity. So as. we b4N put methyl groups on 
the benzoic acid, if we put 1 or 2 in po^tjia^ 3 or 4,^ down near the 
bottom, we decrease the acidity of benzdk acid. If we put the 
methyl groups in the 2 position or the 6 petition, we increase the 
acidity of bjienzioc acid.* 

The thing that is of particular interest to us and what was not 
known before is reprmented by the group at the top. These are all 
\ acids which have not been the subject of study by anyone before, I 
\ guess in part because they were found to be difficult to study. 
\ The 2f> acid, which is" this molecule here in my hand, if you add 
\ to it then methyl grou(^ in the other position— 3, 4, and 5— in 
r every case they cfecrease the aciditv compared to the one at the 
top. On the other hand, down a little further, you see one lab;eled 
No. 2, a methyl group in just 2 pc^tion. If you add a methyl 
group in the 3 position, the 23 one, you increase the acidity. It is 
rather abnormal, unusual behavior. 
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From these curves, which I have shown beta, one can deduce 
then ft number of other properties of these acitte, the energetics of 
the ionization, which is our particular interest but which I do not 
propose to dewnibe in detail unlos people have mMBti<H» about it 

One ittmect of tte work— and <mw whkh grants finnn the National 
Science Foutidation have been particularly helpfUI^Bes in the fact 
that in order for these data to be useful, they have to be obtained 
at high precision. We customarily work with |»eci8i<m of about one 
one-htfndredths of 1 percent Th» is necessary in order to be able 
to do the calculati<Mis and the statistics frmn which we can get reli- 
' able info r ma t i o n about the raiergBties. We haro been able to devel- 
op a way of making measumnents in almost eveiy case through 
this kind of jpredsion. So undergraduate stunts in fact are e*^ 
posed to work of thk precintm whidi. among other things, is pri- 
marily pacing attention to a lot of details in order to be sure that 
the reliability ami the precisicHi are maintained. 

One other interesting 8idelight:to this is the fact that when you 
examihe the energetics, foa find that the ionization of these^acids 
is controUeU in many t^es by the fact that during the ionization 
procew something happens that incr^uws the onterliness, the ar- 
rangement erf* ti^ system. Ute exolanation. which ha^ be«n e^ 
^nmCed by others in y^us past, is that this is due to what is hap< 
pening to the water in which these acids are dissolved. So, pother 
result growing tmt <Xf our wo^ is the infonimtion about the nature 
of water, which is one of the important chemicals, one of the im- 
portant substancies, with which we all deal and which rather sur-' 
pri^ingly is still not understood very well at the molecular level. 

I would- like to sav a'l^ttle bit in conclusion, about the kind d" 
assistance that the National Science Foundation grants have pro- 
vided. We have had, as I have said before, two gnnts to buy ihstru- 
ments. They were prinuuily helpful in (Gaining the kind preci- 
sion that we needed. We have auo been i^le to borrow equipment 
from Wright Stale University and from Illinois Institute of Tech- 
nology. Earlham Coll^ is perhaps fortunate among tt^ mnaller 
colle^ in having rather well-equipped laboratortes. We also have 
a pretty good science library. In f^rt, one of the grants that is 
listed as an appendix to my prepored statement was a ^nt to the 
college to bring other librarians from collies and universities to 
workshops on how we operate our science library at Earlham. - 

Support from the National Science Fmmdation and (Mkrticularly 
from the 2-year and 4-year College Research Instrumentation Pro- 
gram has been an important aspect of our ability to c^rry on work. 
I also included a list of the various grants that nave been received 
by people at Earlham College, and a number of these are of this 
kind, as well as others such as I mentioned for the Science Library 
Training Program. ^ 

When coll^^ and universities are ^amined in relation to the 
baccalaureate origins of doctoral degr^ there is a preliminary 
study whiclr indicates that oat of the leading 25 institutions in thb 
regard, 15 of them are 4-y^r colleges. Earlham is not in those first 
25, but it is not very far below the first 25. 

It also would appear that a considerable number of the individ- 
uals that are currently teaching in colleges and universitim in the 
sciences are graduates of 4-3rear colleges. At Earlham, we found, in 
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looking tlirough our graduates in chemistry, that 23 of them, in the 
years from 1»6J to WVl^ are now teaching in coU^e^ and universi- 
ties. So liberal arts cotl^es and ^-year institutions are important 
sources of manpower and womanpower for the further develop- 
ment of science education at all levels in our country. 

We are al^ one of a group of collegra in tW Great Lakes Colleg- 
es Association, 12 collies, and UK«;e institutions have receivi^ 
about a half million dollars during the pas^year from the 2- and 4- 
.year CoU^ Research InfiArunrientation Program. Somewhat simi- 
lar activitieis have, occurred at pur sister association, the A^K)ciated 
Colleges of the Midwest. So for these two, this grant program has 
beton a useful and helpful kind of thing. 

So I would urge that provision be made in the l^islation in^tte 
fuCure so that the National Science FcHindation continues to pro- 
vide support for scientific research by faculty and students in the 
4-year colleges. We are.certainly imlebted to this committee— I be- 
lieve it was this committee-^that originally formulated the legisla- 
tion on the 2- and 4-year College Resrarch Implementatimi Pro- 
gram some years ago. 

Unfortunately, pur experience has been one that we think dem- 
^onstrates rather <rfearly that without specific incli^on in the 1^^ 
lation, these 4-year collq^ are often discouraged from the grant- 
ing process and that the number and magnitude of the grants that' 
they receiw, in years when sUch program does wA operate, decline. ' 

I would also indicate, finally, that as I understand it. Federal 
support for undergraduate science education at the present time is 
zero at the Foundation. Thank you very lAuch. 

[The prepared statement of Mr. Strong follows:] 
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KARIltAM COLL86B 



Mr* GbainBan and Minbers ef tlM OonitlMt 

■ « * 

IMA Processor of C:li«»i»try at BarlliM a>ll«9tt.. It is « literal 
mx^m colia9a with a stMd^t body ot atKMit 1000 and is IcxNitad 00 ths 
aaatam odga of lodiana. It lias had a 1^9 history of graduating 
stttdmts %#ho 90 on to advanced da9raas in th« Sciences. The research^ 
^>out ^ich I have been esked to tell you soMthing is a project that 
he«an Marly t%#enty years ago and aroee out ot scm of Isy interests i^ 
Chefldetry ttet ht^ developed through isy teaching, t;urin9 the past tmn 
years about 30 etuoents have perticipated' in the wrK. fruf^iort has 
Gwe f ros « ntM^r ot sources including tM> fcatioMl 6cienc« Poimdation 
grants, u| grant "^frtM the Petroleias Basearc^ rnn^, two grants frcwi 
Beseerch^oi^porjition. funds Ircei the dupoat cosipany, and grants froii 
the Proilssional Developmnt fund of Earlhm College. Before 
deacrihAg the raeearch itself it is ajpprc^riate to give a brief 
descri^ion of hc^ the results of the research can be usefM to others. 

The project i-s ddvuioping. information about how various atase or 
groups 0$ atons contribute to the acidity of a Btolecule. In a general 
aenae, atloh intorMtion leads to a tetter under st^snd^ing of cheaiical 
behavior* for cfisf>lex aoleiniles laiMle. iqp of a nuNt»er ot parts it is 
telpiul to knoto how the different parts contribute to the properties of 
tte entire molecule. Thus Professor bansch at Pcmma Cplle«L tea 
developed a way ot predicting such is^xMrtant; propertica a^-fhV 
|»iolo«ical activity of a substance tro« Knoi»ledge ot the cHMStitifents 
that nake up, the Mlecplee ot the sublitence. bis procedure is teing^ 
widely used in tte devising ot new phartnaceuticals and other useful 
substances in a wide variety of fields, f^ile our worf is coocernect 
Chiefly with »easur«ents ot acidity ttere are reasons to telieve ttet 
tte results are directly applicable to otter properties as weir 
including those used in tte strategy developed by pro lessor Hansch. 

A great deal of work tea been done over tte years by aany people ' 
developing data-.tq show the effect on tte properties of a sotetance 
t^n an ato« or a gro«9 of atoM is ^MSded to a Mlecul^e of tte 
substance* Even so ttere are eoM quite tundwBental l(inds of data that 
have not teen obtained or teve bMh obtained in too few instances to 
penait the drawing ot reliable gefievaliaatima. One najor set of such 
data haa to <lo with the energy changes ttet acco^t^ny the ioni sa tioo of 
an acid, the process that we recogniae as acidity. It is the 
energetica related to acidity ttet is the main st^ject ot our research 
at tejlhom college. 
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rtm cttMicai* W9 9twAf arm tencoic acid 
^nA •cm.of its mMf modification*/ tensoic 
acid land* ita«lf to such attadlaa io |>art 
tecaiia« it is a nolactila having a rigid 
fraMMTk with Ixva si tea to whicb a var^aty of 
othar atoM and 9rou{>a o£ ata^ can ba 
attached. Fpbabiy tha best knoM nodifiad 
bansoiir acid ia aspirin* Itie adjoininq figura 
la a scheaiatxc reprssentaticm of a bensoic acid 
AOlacula such as a' chaiUat might uaa and shows 
tha points of attactnaent numbarsd for 
idan^if icatioo in tho nming at nodifiad 
bansoic acids* Itie acidity arisas tr«ai tha 
-<t)Cii portion oi tha molacule. One axM^ls-Of 
a modified bensoic acid is re^asentad by tha 
acbamatic for 2« 3^imethylbansoic acid* 




eid 



2,3«^Di»ethyibanEPic acid 



< 

Each of these modified bensoic acids is prepared in sufficiently 
pure form and its acidity datermined in tvater over a range of 
* to^ratura, usually from tha f reesing point to the boiling point of 
tfater. This determination is mada throu^ awasuring the electrical 
resistance of the water aoiutiCMi at each ot 21 diflerent temperatures. 
A p>ot of soM of our data is inresentad in the attacbad figure, it 
ahowa acidity increasing • from bottom to top dt the, plot for a ouater oi 
bensoic acida to vhicn one or more methyl groupa* have been attached at 
the points on the ring indicated by the nusters at the right hand end of 
each curve. The vertical scales s'epi^esent tM different waya of 
deacriblng acidity in* guantitative- terM. the dashed llAe n^r the 
bottom of the plot is for bensoic acid itself* of the 19 possible / 
methylbensei^! acids the figure preamts data for 13. f^r most of the / 



r- .^^M.. WW M.»m W^E MOS^ OS . 

acids^n the figure %re believe the measurastent precision is about ML. 



~-— ----- ••^yw.w w«> ft^«.A»Tv , wnvuK wnn*^ prvCASXdVl IS aOOUt 

0*eit. At present t#e have correspot^ling data for seven of the ni 
posaible flborobensoic acida and 3 of the nineteen possible 1 
hydrosybensoic acids* kork is cmttimiing to measure ^^re acidet / 

high precision is aaaential to our studies and it has t^en lack of 
high precision that has frustrated most others who have attempted to 
^»tain similar data* hith data of aulficient preciaion it is then 
poeaibla to analyse the data for each acid to c^tain several different 
characteristics of t^he energetics of the acidity, that ia the 
ionisation proceaa* The analysis is cKme by at^tiatical proo^ciures 
which have bees the sub'ject of discussion and disagr e eme n t aatoog 
scientists for many years* < m the last cot^le of years we have been 
developing a new Mthod of doing the calculaticma which w are 9A>ie to 
ahow gives more reliable results than earlier methods* This work haa 
been done in conjunction with Professor Frank bailiwell of the 
Univeraity of test Anglia in torwfch, England. 
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Chwistm find okke inter«»tiiia asMCf of thM« ttcid« and their 
behavior m water im' that tha iofiiMtioo ^rocaaa leads to an incroaaa 
in th« order lineaa of the oyat«aii tt»i« ordering «an be Maattrod in 
quantitative- tema and ctMMieta reefer to it ae antronr* Ttw 
explanation oi the in|reaaed order product %irhen'an acid ioniaea ia 
believed to be the effect that tlwr iona fonved have tm the ,«irro«mdiiif 
water noleculea* Thee one further reault of atisdiea euch aa. oura ia to 
give intorMtion about the nature of t#ater. hater « aurf^rieingly/ ie 
•atill for cheeiiata cwte of the inuroevpletely tmderatocid vBabf tancea in 
apite of mich atudy over many yeara* ^ . 

Caa«ntial to our reaearc^ are appropriate inatruamHal facilitiea 
and liSr has ptovided ie^iortaiit aeai stance 'with t%#D grants during the 
past *five years throi^h the progrM for scientific eCmipMnt for tM 
^ and four year cotlegaa. 2t naa also been possible lor us to borrcMi 

equipsient trcte Wrigfft &tate Uiiversity in'twyton ami Illinois Institute 
of lechnology in Chicago, yorttmately* Larlnaw College laboratories 
are reasonably well equit^[>ed vith a 'nusAier of ua«fu| instrments 
including spectrometers # chroMtograP^a* balaacea* and a ^roed raflge of 
glassware lor chemistry. 

Most iiiport^nt for the pureuit of siodern reaeai^h is eaay access 
to tlie scientific literature.^ karlhasi College maintains a good fiance 
library* unusual ataong small i?oll€^»a. he are also fairly cloae to a 
larger science library at Hi ami University and interlibrary loAns are 
easily arrangeo with still other litN:ariea« 

The scientific data that we gather requires extensive calculation 
and statistical analysis to taMe full advantage of the reaulta. Math 
over 3C0 numerical item of data for each acid requiring h undr eds of 
calculations* processing the data is only feasible with a cc^Hiter. 

• The College has an adequate coaster facility for our pur pose a and 
~ Mkea it freely available. 

^ Support by grants £tom the national Science rotmlation haa been an 
isfior^tant contribution to our ability to carry on researcb. A^wndix A 
liate the grants that Earlh«|i College has received in the past ten 
years from the hational Science Foundation . the research is not only a 

• contribution to «acientxf ic Knowledge but also to the education of 
undergraduates* A nisiriE>er of liberal arts collies carry cyn sxmiier 
kinds of activitites and in so doing stimulate young people to continue 
into advanced training and careers in the sciences and related 
teabnical fields. We# in the liberal arts colleges* bd^ieve that these 
activities ano students are Important cohtribotMna to our nation and 
to society generally- 
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MiM th* institutions ar« Ma«ioed . that ^ovide the baccAlaureat« 
Mgraea tor those %^ aubaequently obtain the dcfctorate it is fotiml 
that the out at the leo^Sxng 25 institutions fifteen are £our year 
colleges, this ranking is on the basis of the number of PhP degrees 
per baecaiaureate degree, ^iirthenmre a isajor ni«iber of those 
individuals currently teaching in colleges and universities are , 
graduates oi four year, colleges, ttsr tarlha» COltege «e tt^ that 2'J 
of the peraons graduating bettreen 1963-1977 are n& teaching in 
Gplleges or universities. 

Earlhaa College is osie of 12 colleges sMiking up the Creat Lakes 
Colleges Association, ^hese colleges cos^rise more than 20«000 " 
students* In the past five years 7 of these college hfive received over 
• haitwiiiion dollars from the two at^ tour colleges scientific 
eguipnent prog ran of the hational l>cience ^ouraSation. fiOMtvhat similar 
Activities have occurrM in the eleven Associates colleges of the 
Nidi^est* ^ 

*K J^.^^l you t0 see that provision is sade in legislatiim so th4it 
tne ftfatiooal Science foundation cmtinues to pro^de support for • 
scientific research by faculty and st^ents in the four year colleges. 

are greatly indebted to the foreaioht of thit coMittee foV 
foraolating the leg4slati<^ In this %»y. Si^ly, experience has clearly 
deaonstratea that without specific inclusion in the legislation these 
four year colleges are aloost coi^etely excluded frcai the granting 
process* 



BBT copy AVMLABLE 



ERIC 



48 



46 



' Acidities of Kethylb^nsu>ic adds, arp shMii as a tunction of 
teraper^ture. The acidity - increases from U>ttct» to top in" the 
ii9ure* Ihe scales on the right and It-tt axes are quantitative 
description of acidity. 
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Appendix A v 
EAAUtAR CXai^h 

1974*1964 

r 

•jime 1, I9h3 ^ , ^20,311 • UtwrerK^e Strong 

l;^ositoMter «fid i^i^ital blotter lor TtMrttodyn^ie btudivs. 

&eplfinl>«r l9hX « 5*024 / ^ Paul Ogrmi 

Inttitdisciplinary Units oa Hcxltrrn llMtorie* ot tatt«r mnA oo 
Cry»talliii« fiolid*. " ' . , 

•6«l>t«nb«r \^h\ $ 4#249 < i3uuriefi Hartin 

Pr«|»aratioii bi Videotapes ot optical 9top%rx,imu ot Hineral and Polien 
craina tor Use in uptical Kinerology and ^lypology Couraes, 



jMne 1, 1981 $ 5,6CM} Katharine Hilar 

4' 



Purctiaae pt Kicrocoaqniter for l^tudiea ot Pttencyclidine Lttecta 

on HmeoT] 



•July 30, \W0 $10*305 Wolt<|an9 Christian 

Acciuiaition ot Infrared fltiQrescanca Apparatus. 

J^ly 1. 1980 ^ - $16*653 ' John lv«rsoii 

fryattttatics and Lvolotion of the turtle rm^ily Kinoat^midae 

•hay 16, 19fco * $1^*714 Mot Van Sant 

Microscope for Palynological Kes«arch» 

•harch 28, 19b0 $25,000 ►awl Ogren 

Aicc|uiBitio<f of a Irttclear >»agn«tic Resonance apectrfiaieter • 

•January 15, 1980 . $10,000 ^ Wilswr Ktratton 

Purchase of Atonic AbsorpticHi bpectrosneter • 
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*4mm ; 1979 fXSiOM . > Unrwio* Stroog 

OMductime* Mid tt)«twKlytMBles in tolctlei) to tim Nolccular fitnietwr* 

ox MMctM bMK Acids. 

Hurch 4, 1977 f 6.380 OwxlM Martin 
UKi«rgradtMit« Re March i'articlpation. 

8«i>t€nb«r 21, 1977 $1»4,800 a«rty Wool|>y 

Juo* n. 197« . 950,600 TItaMM Urk 

lh« t^iopMnt of Coorme fl«m«d Uturnry and Uteratur^ Um 
Xtifttruction in tiHi9r9r*tfiMt« £ci^ie« FrpQrms. 

»»y 15, 1»7!» 9 9.«)0 > Mvid tM«niD9 

IffprovMent of Otiality ot Undergraauat* Science Instruction throuoh 
Acquivitton Pi InfttrkKrtii^l Scientific fcquifMnt. 



4 



• CTAffittf .received through the and foor tear College prograa ot UhW 
Mmary of #imountat 



$20*311 
5,024 
4,249 
5,800 

16,(153 
14,714 
25,000 
10,000 
25,000 
6,2«0 
. 124,800 
50,600 

$32^77^ 



3/31/64 
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The Chairman. Thank you very much- 
Senator Quayle would like to make a continent or two. 

S^tor Quayle. Thank you, Mr. Chairman. First of all, I would 
like to thank you for. holding the^ important hearings on the Na- 
tional Science'Foundatkm, an interest which I know that you share 
with the rest of us. I know that we will move forward to move this 
bill as soon as possible. I thank you for your concern and also your 
leadership on this issue. 

Seconid, I would like to thank Dr. Strong, who is a constituent of 
mine, for very fine testimony. He represents a fine university, and 
hei>utlined the need for funding and for what the National Science 
Foundation cto do very specifiailly. - 

I might just ask you one quick question. If in ffurt Earlham Col- 
lege did not have Uiis $328,736 in grants fnnn the National Science 
Foundation, are there other resources tibat would be available to 
pick this up, or would we in fact just lose ttese types <tf research 
and development programs? Could you give us, from your perspec- 
tive and from your school's perspective, what would happen if in 
fact these grants do not come forward? • ' 

Dr. Strong. I wmUd say my own experience is that the grants I 
have bad from the National Scieifce Foundation have been a mc^ 
part of the dollars, that I ha^ been able to iise in my own research, 
and I am sure that is true in the other imAances as ^11, in tlw 
other grants that the college has had. As I indicated in my pre- 
pared statement, I have had granta from other oripanisEitions, fund- 
ing agencies, but th^ in general are smaller tmm. In most cases, 
tilwy have been primarily to support an uncbigraduate student 
during the summer but not for the purchaw <^ miyor instruments. 

Senator Quayle. But for you to perform at tli6 level of activity of 
which you. are capable, as you have done in the jMst, this. assist- 
ance from these programs are al»oluteIy essential; is that correct? 
Would you characterize it in language that strong? - 

Dr. SrRONa Yes. It has been essential. " 

Senator Quayle. Mr. Chairman, I do have a statement that I 
would like to ask be put in the record. I have to deimrt, but before 
your next witness testifies, I might point out that 1 am very inter- 
oated in getting fundamental engineering as more of a priority 
within the National Science Foundation. There is not only some of 
the research that can be done at Earlham Coll^, but Purdue Uni- 
versity and other schools around the Nation. We are in the tech- 
nol(^ age. Some people refer to it as the information or the high- 
tech age, and I think engineering is a very strong backbone that 
sometimes gets overlooked a little bit. 

I will pursue ray specific reannmendations with the chairman 
and other members of the committee at a later date, but I would 
ask to have my statement included in the rec»rd at the appropriate 
place. 

Tlie Chairman. Without. ol^ecticm, we will order that, plus the 
statement of Senator Strom Thurmond as well. 

Senator Quayle. I thank the Chair, and I appreciate your having 
this hearing. 

(The prepared statements of Senators Quayle and Thurmond 
follow:] 
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StatMrat of Senator 

NSF AothorisatloB teariag 
April 4, m4. 

I 

/ ■ 

Mr. ChalnMB, it is • plsasure to be htfl^Ag • j^eariag todaf 
on the •ttthorixation leir«l« for tke National Scioace Foosd^tioi 
(MSF) for Pitfcal Yoar iUt»S. x. 

I'd like to cfxmmnd wcf good frimd frov tftakp^aad Chainm" 
of this Conittee, for holdittf these heeriags and for takiag snch 
an interest in this very i^^rtant federal agency. X «iottld also 
coMend msf colleagm cm his ^forts and work in introducing the 
Adninistr^tion's bill to authorize a^ropriations for the WSjP 
for FY »85, I h<^ ve can see speedy consideratim of this bill 
in CoMittee and on the floor of the Senate^ and smd a bill to 
HSF for the first tine in sererel years. I know the Chairmn of 
this Conteittee has been mrking with our colleagws on the Comerce 
Conaittee to cone to an agreenent on the Jurisdiction of the HSF 
and I an hopeful that ve can find coanm gro«pd and do what is 
best for the NSF. 

It 4>leases ne to be here today to hear testinohy fr«i 
all the witnesses, and particularly from Or. Laurence Strong, 
Research Professor of Chi^nistry at Barlhaa College in Richnond, 
Indiana. I look forward to all the testiacmy. 

Sefore we begin. I would like to nention a bij^ that X 
have iust introduced to anend the Organic Act of the National 
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Science pJlmdation* This bill, S. 2S25t ^ul<} en^hesize within' 
the NSF the importance of fundaaental engineering research* 
necessary to kee|t our country cra|»etitive in industry and other 
technoioi^ical fields. Fundaoental engineering researcE g^neri^tes 
future technology jfron scientific knowledge through iavestifation 
of systems, manufacturing •processes. Materials and Methods* Hy 
bill would also Make engineering education a priority for the 
agency. We have a serious shortage of engineering faculty at ^ 
our nation's institutions of higher educationt as well as a 
shortage of undergtkduate and graduate englMering students. 

The National Science Fomdation and the National Science 
Boar^both have expressed their sui^ort for the language contained 
in S. 2S25. i hdpe this CoBBsittee will consider S.*2$2S favorably 
in the near future. « ^ 

Again, Mr. ChairMn, t appreciate your hotdii^f this heafiiHi 
today, and I look forward to learning about the HSP stqpported 
research projects our witnesses will be discussing today. , / 
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STATBIENT BY SENATOR STKCM THUWKWD (R-S.C-) BEFORE THE SENATE 
LABOR AND ifUMAN RHSOURCES CC»WITTEE REFERCICB HEARIJ^ ON RE- 
AUTHORIZATION OF TIIE NATIOflAL SCIEl^ FOUNOATfON, 430 DTRICSEN 
SKNATE OFFlCf: BlHLDrNG. NEDNESDAr, APRIL 4/i984\ 10:00 A M 



MR. CIIAfRMAN: 

ft is. a pleasure to ^ ^ _ Weiye testimony 

^oncQTning the National Science fibundation and the research 

acMerw^ts pf that agency. 

■ ■ f ^ 

The people of the Ui\ited States and throuRhout the world 
have benefited enoraously fro» the scientific .research that h«s 

taken plai;:e in this country. • . ^. 

The United StAtes todmy has the highfest standard of living 
in Che world, ^nd this is due. in large part, to .the efforts of 
rour scientific community. 

For fiany years, ve have be^n the urorld't leaders in the 
fiel.d of fcicnce.andAf.we. jfj5h.to remain in this leadership role. * 
t<c.«u^t maintain a strong commitment to research. 

Mr. Chairman, I believe that the President has displayed 
hi5, committment to research in science and engineering by proposing 
a n.6 peric-nt Increase ift fiindirTi for the Nationaf Science 
FocimljiflAh ui' fiscal year j98S. Through the grants; and contracts 
for research provided by this agency, significant advances may 
risuJt Hi iJroas such as national defense, imtustr i.i I productivity, 
heal til, enormity and aijricul ture . 

TikI.!^- wo .hear ffom* 5piio of the researchers who are working 

*v ''^^^"^ important arce5\ . I vommend them for their 
excellent wo rk and I ohk' foTwa rd to their testimony. 
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Th^ Chahuhan. If 1 could just ask you one question that was 
bot^ng me while you were spekking, why is it helpful to know 
whaHncreases the acidity of these molecules? .. . 

Dr. Stronq. The acidity itself is probably not of immediate inter- 
est to, say, a pharmaceutical designer of a drug, but the presump- 
tion is— and there is a good deal of evidence to support this— that ^ 
once you hare determined the effect of a particular atom or group 
of atoms added to a molecule on the acidity, that same magnitude 
of effecf will be produced for any other activity that this or another 
simHiar molecule may have. Whether we then later measure acidi- 
ty or some reaction rate pr some effect on a bacterium, we will see 
the same kinds of changes in the effect produced by adding an 
atom or molecule. It is a generaKzable property, once you have 

measured it. ' ' .. , , l 

^e pick a, system that i^ easily handled, as far as the measur^ 
ment is concerned, to get the initial data. Those, data can be used 
in a variety of other kinds of reaction^ particularly those of inter- 
est to the d^igner of a beu:teria static agent or a praticide or a her- 
bicide. 

The Chairman. Thank you. That i5 interesting. 

Dr. Richard Claus is associate profesBor of electrical en^neering 
in the College of Engineering at Virginia Polytechnic Institute and 
State Univer^y. You have held several NSF grants, funded by 
NSF's Electrical, Computer, and Systems Engineering Program. I 
understand you are going to give us an illustration or at least a 
presentation this momii^ on fiber optics. 

STATEMENT OF RICHARD O. CLAUS, COLLEGE OF ENGINEERINCw. 
VIRGINIA WJLYTECHNIC INSnTllTE AND STATE UNIVERSITY, 
BLACKSBURG. VA 

Dr. Claus. First, I would like to introduce myself and my func- 
tion and my background and then describe briefly what my support 
. from NSF has been in several different areas, and then specifically 
target some of the results of that support, and then finally briefly 
discuss some of the scientific developments that we have come Tap 

I am m years old. I graduated from Johns HopHins in electri<»l 
engineering in 1977, and since 4Jhen I have had support from the 
„ National Science Foundation in Ave different grant programs. The 
first of them was an initiationnian in engineering. That was fol- 
lowed by a r^ufar NSF engirf^ring research grant, two r^earch 
equipment grants, and since malfunction at Virgmia Tech is both 
research and teachirife, I also pursued and was awarded an instruc- 
tional laboratory equipment grant. So NSF money in my program, 
in fiber optics and in acoustics, has supported both research and 
in.struction. > 

Othfrr research support, for that same work has come from 
NASA, the Navy, the Air Force, and several industries. 

The specific results of that support can be divided into two cate-* 
gorier, one in research and the pther in instruction. In re^arch, 
that support has not only supported my efforts but also the efforts 
Of approximately two graduate pr year, and of those 12 graduate 
students that have worked" with me, 11 have been U.S. students 
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and one has been an international student. We have also produced 
some things, that NSF likes to see: papers. We have averaged 
proxinmte y one paper a month, review iMipers, many invited, and 
I ^ -1^ ' Specific engineering results also have re- 

sulted in five patents, and we are working on two more, so that the 
work- that we do has not only been basic research in fiber optics 
but It has also been applied research that has resulted in some 
usable systtfra^. We have also received six NASA awards for that 
research in fiber optics. 

, On the instruction side, we have' done several things. One is in 
tying the research money from NSF to direct undergraduate and 

f graduate instruction, we^have developed an instructional lab in 
iber optics and in acoustics, which has served approximately 150 
students in the last 4 years. Also associated lecture couraes that 
tro^« ^^'iy'*^ approximately 300 students, and that support from 
NbF and the re^rch sypported by NSF has spawned industry co- 
- operation in these areas, which has helped us quite a bit. 

Let me briefly discuss some of the scientific developments that 
we have come up with. I have appended a modest description in 
technical terms of the work that we have done. The first thing we 
have done in fiber optics has been to use fibers not in the commu- 
nications area but in the noncommunications ar^ <k sensors. We 
have used embedded opticaLfibers in aerospace structure material 
to determine the stress on the material and predict the failure and 
lifetime of the materials. Specifically talking about composite ma- 
tenals. composites are more or less like plastic plywood— ver^ high 
strength-to-weight ratiq, very good in low-weight-required areas. 
What we have done is embed fibers in a matrix inside panels of 
these composites and then loo%l at the ways that optical informa- 
tion transmitted through the fibers changes when you subi«rt the 
composite material to strain and str^. 

In doing that, we have had to work with a number of different 
optical modulation and demodulation schemes, which has led to the 
development of several optical instruments for thf mc^urement 
on another line of metal surfamt and polymer surfmies. We have 
also looked at cracks in composites and hoW cracks propc^ate in 
composites and the detection of those cracks with optical fibers. 

The second area that we have considered has been in acoustics, 
L"?- J of in optical fibers. The mathematics and the physics 
bchmd the propagation of waves in acoustic lines, as opposed to 
n °P''^ ^^^y sin^'Iar. We have looked at Waves specifi- 

cally that travel on boundaries betw^n pairs of solid materials. 
These are acoustic waves, ultrasound waves. They are character- 
ized by hortical motion that with respect to the boundary between 
the solids is both up and down and back and forth, much like 
motion that you experience when you go to the beach and* you 
stand out several meters offshore and you move up aitti down and 
back and forth. By measuring the components of mo^n of those 
waves, we are able to determine a number of properties of not only 
wave propagation but also the interface between the materials that 
.support the waves. 

Sf»»cifically, you can use changes in the propertiearaf thcMe waves 
to evaluate a glue bond that exists betweeh the nAterials or weld 
that exist.s between the materials. You can also u^ waves suCh as 
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this for electronic signal-processing devices, and these waves also 
have applications in »ismology, where you consider tl^ transmis- 
sion of acoustic waves between large masses of rock with different 
acoustic prope'rties. So this study has had applications m a number 

of differept areas. . ... * r 

Another result of our work has been the development of a new 
type of ultrasound transducer that can be used for scanning tumors 
or fetuses. The new type of transducer uses results that we came 
up in our -fiber optics research and transferred to the ultrasonic* 
area. The new type of transducer generates an ulteasound field 
that is very easily detected and very easily calculated using signal 
prwessing tsfehniques thrtmgh a computer. That ultrasound trans- 
ducer is one of the devices that we patented as a result of our re- 

We hav^also developed several optical instrtunents just of ge^i> 
al interest, with no t«al application other than the fact that they 
let us do our research a little more easily. These techniques are in- 
terferometric; they are more or less optical phase-measunng in- 
struments. They have Ifed us, for instance, to measure angstrom 
particle displacements of material surfaces without worrying about 
background vibrations of the entire surface. With an m^rument 
like this currently, one industry is monitoring the motion of an op- 
tical fiber in a feedline assembly- with a one angstrom sensitivity 
remotely from across the room using a laser source. 

finally, we have investigated the characteristics of optical fibers, 
both th«)retically and experimentally, which make them useful as 
sensors of both pressure and temperature. Spedfically, the m^ 
urements that we have made, the parallel ^neafi^f*"®*^,"*;* 
others have done as well, include measurements of the amplitude 
of optical signals that are transmitted through Uie fibers, the polw^ 
ization of the optical fields that travel down the fibers, and most 
recently, we ha\e taken a look at changes in the time oftravel oi 
optical pulses that are transmitted from one end of a fiber to the 
other end. If you analyze the changes in the time of travel, or the 
delay of thosfc pulses as they travel through the fiber you are able 
to infer either the temperature of the medium tM the fiber is em- 
bedded in or the pressure that is inducedjon the fiber. • 
{The prepared statement of Dr. Claus follows:) 
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CTATBgHT OF Ml- RIC8AHP O. CUUSS , 

'a • .. 

tECBHICAL SUpiMY 
Ultr^aOTlc Interface ¥mV9» • 

Pert of Miy reseArch funding^ fr«B the Matiwiel Sci^e 
FounQUition has supported the Investlgetioo of guided eleetlc 
vevea Known ae interf ece wevee idiich trevel elM« the bouoderiee 
between solid materials. Like mv<Mi in vmter, ^Uerfec^ waves 
have both up-and-<toim and back-and- forth coaipoDente of particle 
eotion %Aich decreed in^anplitude with distMsee into boUi, of the 
materials, and their wave energy is confined to e retfiM near the 
-^boundary.^ Althou^ the interface waves between most pairs of 
solids are leaky so tl»y lose so»e of their energy into the 
materials as they travel * unattenuated interface waves cal4>ed 
Stoneley waves may be supported on the boundary if the material 
properties of the two solids are suitably related. Ultrasonic 
leaky and Stoneley interface waves have potential engineering 
applications in the nonckistnictive evaluati<m of critical 
aerospace structures, acoustic wave signal processing ^devices, 
and long acoustic wave delay iinas used in cosmnmication systsms, 
lly research has involved measurwents of the characteristics of 
these waves which determine their usefulness in these application 
areas. 

Specifically, under ft«r spcmsorrtiip. my grachiate stu<Nnts 
mnxTl have obtained the first direct measur«»ents" of . ultrasonic 
interf adb waves. >to have u#ed modm converhicm to Md from 
surface acoustic waves to generate and Qetect leaky interface 
waves ort steel-titanium and titanium- a liminum boundaries. On 
plaiie boundaries we observed efficient conversion from surfsce 
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wv«« on th* (tofiMr Mt^ial .ad fro* grMlng «ngX« ah«ar m.v«s 
in th« U9l»t«r m«t«rl.l. ite h«v. df.wrttr.t'id th. iiond««trifctlw 
•VKliution potential of such infrfc* vavo* in two ways. ' rirst, 
by Ma.urin« variation, in iravo ^>e«d varaua tba conproaaivo 
•tr«aa appliod to Mital mp^ei^^ in contact, 0^ hmvm abown that 
mtorfac. and StonaUy vavaa aro Mnaltlv* to eondltlona along 
tha bondlina. Socond, uaing mrfai^ vay« eomror.lon at a ooinor 
of a solid BpoclMwi block and ajilally sysMtric 8toq.l«y mvaa m 
a taparad Mtal pin, w« . bav« obaarvod wava intoractlona irltli 
Burfaca and bulk matarial^ da£«cta which arm paxpandlcular to tha 
bondlina. Jn addition, lnt.r£a«-.trle la.*r 

dataction Mthoda to obaorva tha partlcla aoUon of lntar<,u:a 
wayaa. dtra^ly on tha boMndariaa botWMn tranaparant Mtariala 
ouch aa 9l«a» and fuaMl ^rts in both aaooth and Mldad contact. 
Thaaa diiract optical aeannlna seaauraManta hava allotrad ua to 
better undarstand tha procasaaa involved in interface wave 
veneration, reflection, and attenuation. 

Optical riber Sensors 

EquipMnt provided by MSSF re^arch and apeciallsed equipnent 
grants haa also been uaed to inve8ti«ate the perforaanee of 
optical fibers as sensora of teq;>erature and pressure. Our «aln 
effort in this area has been in the devSlopoant of technlqi^a 
which use eid>edded optical fiber waveguide to detervlne the 
streas and predict the possible failure of eoa^oaite nate^ial 
fltnictures. Such techniques could offer siwilftcant advantages 
over conventional evaluation mthods for several reasona. First. 
If the fibers are eabedded in the coa^sites during 
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nyuHifacturit^, th«y vlll Allow tha tiottdestructlve inspection 
•ystw to hm "tmilt in." S«cmkl/ since the elastic prc^rtiej(, of . 
optical fibers ere soMWhet sinilsr to those of tte fibers Used 
in sofM coi^sites, composite Mteriel properties My not be 
degraded. Finally, (^icel fibers, ere • sensitive sensor of both 
stress and ultrsMund* 

Our reseert^ hes led to dtofvelopnmts^in two areas, first, 
w have deaonstrated a nultiple fiber system i^lch usee c^rmt 
detection techniques and coi^ter processing to itotenine the 
t%ro-diRenslcmel stress distribution on e panel of cooposite 
iMiterial. The spatial resolution of the meaMrments obtained 
usin9 this systesi nay be increased or decreaMd by enbeddin^ 
s<lditional or fever fibers in the panel during oMumf acturing. 
Second, m have recently obtained preliminary results for similar 
psnels using shoirt titration solid stlte laser pulses lAich travel 
throu^ the fibers. Stress in the panels changed the propagation 
charecteristicB of the pulses, causing ^pulse reflectiM and 
attenuation. Current nork involves interpreting the changes in 
these pulse properties to infer the distritated streas state and 
thus the structural integrity of t^ ^peciaen. 
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mI5^„^ f^"^f^''D ^ ^ « very interesUng. 

morning for me. Realizing that you are all not experts on every 
search project underway at ^our respective institutions, I wonder if 
' NSP^„„J:^^1^*** just give us a few illustrations or examples of 
W&l'-supported research at your institutions and what are some of 
the projects, some of your colleagues are working on? Let us start 
wiin you, ur. uiaz. 

Dr. Diaz. There are a variety of projects in the osvcholocrv A». 
partment that NSF funds. Aside'^fromlhTb^S^!^ wSk^^ 
am doing, there is work done by Elizabeth Loft^ on memory, and 
t has a great deal to do with the so<alled sanctity of eyewitness 
J*"?' ^"""^ remember things. In W cognitive p^ 
^Z"^' ^^^^ T"^^ P~j«^ eoiT^ onlnvolveni 

ThP^S^ -^*'^?^- "^"'^ «bo«* certain topia? 

iSif -^u"* decisionmaking, for instance. These are t^ 

tyoes of projects m the psychology department. 

h«fi!l^i"MGS?V**T™""*'y' virtually every onfe of the science labs 
^t^^PS^fJ^?^ or. another. To go through a 

rorter of that 18 beyond my keeping track of. 
The Chairman. Dr. Knauss? » 

oii'^'' ^^^i Graduate School of Oceanography does work in 
all aspects of «cean<^phy. not just the physira of it the Gulf 
Stream, which I talked about, but also the g^logy and nature of 

S o^*^ P~^**«« «"PPOrt in all of these 
to our institution, m one way or another. 

ji^^ interesting problems that NSF has provided con- 

sjderable support for is .the issue of socalled sea-floJr s^?^, 
th;^^H JIf on the crust of the Earth, which are sepkrated^ 
SS*Vfu '*»en are subducteSdown at 

AT!.^^T°f ^'^f '^"^'Pnj^ as the big trenches off Japan, the 
♦ Jfo 2!!!L^^"**5' '^rth. We now are Pretty well certS^that 

t^J^ occur^d we have known it now for 20 or so 

years. The quesUon fa. What is the driving mechanism? 

dJy!!^9^ltr^ "'•lir' ^^^ace of the Earth. 

7 / '5, ""^T '^Jes than that. We cannot get 

at that direct y. of course, so we do it indirectly. We do it by look- 
hS^I J* '[u^f'"^ material that is brought up. volcanic mate- 
whlf H "n*l then trying to pie^ back together again 

what the histo^ of the manUe of the Earth beneath^e cru^d 

'V^''^^'^^^ P'?''*^® ^^i"** o*" processes we see. So we have 
gotten beyond^ the descriptive stage of what is sea-floor spreMing, 

«n?«r*ir^*']fT' '""^'"^ t learn What are the causes and tWm^£ 
anisms that determine that. "'^i* 

The Chairman. Dr Strong, let me chang^ the subject just a little 
bit. In your research, did you seek funding from other sourcS 
before you went to NSF. or did you just go^treight to NSF? 

I^p. Stronq. l-undmg initially was from a general grant that our 
chemistry department had with the Du Pbnt Co. ov^^Sriod of 
several yeare, and some of that money was used in supporting mv 

fe^ional development grants program, and 1 got small amounti of 
mon^from, that. So these two, I guess, are the basis for d^lopiiS 
the research far enough to think it was possible to apply to the N* 



60 

\ ' 

tional Science Foundation. I had had grants many years ago back 
in the^&^t^ when I Jlkn a high school development program, a na- 
tional program, at the college, and this was supported almost en- 
\tirely by National Science Foundation funds. 
\The Chairman. What I am getting at. Dr. Claus, in addition to 
wkat you said. Dr. ^rong, I am trying to find out the relative im- 
portance of the National Science Foundation as a funding institu- 
tion,^lative to not just other Federal agencies such as NIH but 
also to outside source in industry and nonprofit sector sources. 
You have indicated that you have had some help from*ihe industry 
soun^. Have you seen any indications that there are other sources 
that may be available? - * 

Dr. Claus. Yes, I think in engineering there mk The problenv 
that I have run into, in the work that I have doiiea| that usually 
those other sources want specific tasks ac<X)mplished. - 

Tlie Chairman. In other words, they want you to accomplish a 
specific goal. . ' - . „ 

Dr. Claus. Exactly, specially industry. I have found personally 
it is difficult-^ 

The Chairman. You seem to be saying applied rreearch rather 
than basic research? i 
Dr. Claus. Exactly. . , 

The Chairman. What I have found through the years is that 
^SF is crucial for basic r««arch, as well as various applied re- 
search. Do you all agree^n that?' . . „ . 

Dr. Knauss. Absolutely. It is almost the only agency irt the Fed- 
eral Government that supports fundamental research with no 
strings attached. 

Dr. Diaz. My res^rch, more than the others, does not have a 
direct link to industry. So the study is of the nature of the way the 
brain develops and will not be funded by anythii^ other than NSF. 

The Chairman. One of the great concerns the committee has is, 
of course, the relaticmshifS between you as researchers and prospec- 
^ tivte students. We are imprea^ed that each NSF award alw) supports 
a number of graduates and possibly undergraduate assistants. But 
these are just statistics. How would you characterize the benefits or 
' the drawbacks that students have resulting from your research? 
Dr. KNAUffl. All I can say is that several of those slid^ I showed 
were the work of graduate students. I believe that almost without 
exception, ev^ry grant that, we have in the Graduate Schoql of 
Ocean<^raphy the National Science Foundation supports the mini- 
Qjum of one graduate student. We also are qsing our grant support 
to support in a specific vmy undergraduate students. Oceanc«raphy 
is not a field which many undergraduates are well aware of, ex6ept 
in the field of biol<^cal oceanography. It is difficult to get physi- 
cists and chemists to go into oceant^raphy. One of the ways we can^ 
attract them is by providing undergraduate support for them in the 
summertime to come and learn about what an exciting field (xxan- , 
ography is. That often is by NSF support. 

The Chairman. What has been your (*servation concerning un- 
dergraduate students? Do you find that they are better or leas pre- 
pared in today's climate than they should be? Do you feel that the 
quality of graduate sthdents is going down, or is it going up? That 
is kind of a dangerous question, I understand, but I would like to 
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get an impreMion. Last year Iwre, we had tretnendmis pr^sure on v 
this committee to rame up with a math and science bill. We did. It 
has not moved ofT the Senate calendar for well over a year now. 
The problem is, that. one of our members would like to attach a 19- 
page civil rights amendment to it^ and that has caused a lot irf* diffi- 
culty becau£» the bill should he a math and science bill and not a 
hodge-podge of a lot of other, albeit important, i^ura. 

Are graduate students diminishing in quality? Or is it just a 
matter of individual abilities? s^^ . * ^ 

Dr. Knau». view of it, ninhuig a graduate prograni. now for 
almost 25 years, is that the bert stui^ts tfd^^Jwve now are at l^ist 
as good as the brat students wfi had 2&ymrB ago. I think what das 
changed is that some of the students we get in tiie middle group 
are not as well trained as tliey ^ould be. f think that at the upper 
end of the scale, there is no difference. But I U^ink in the middle 
scale, there is where we are seeing that the unifergraduate training^ 
and the high school training before thflt has not bran as strong as^ 
it should have been. 

The Chairman. Do you all agree with that? 

Dr. Strong. I think I would add one c^6r observation. I deal 
with undeiigraduat^, a numb^ of^i^^om go on to do graduate work 
at other institutions. I think what we have cbBerveajs that a few 

{(ears ago, there were fewer students intermted In science, parttcu- 
arly in going on, thinking about ^uieers in ixrienoe. Their interests 
were elsewhere. This has\been changing more recently, wiUi more 
students and particularly better students iW (Igain interested in , 
i||he sciences. I gu^ what we would hope is^that thir<^ continue 
■o be encouraged, that good students will find tjie science attrac*- 
tive. ' 

The Chairman. I am glad to h^r that because we are concerned 
about scientific manpower, as you know, in thiA committee and on 
other committees' as, well. 

I am going to submit other qu^tions to jrou, and I will keep the 
record open for others on the committee to submit questions to you. 
I have just one last cmestion. If SKimeone* suggested that an ^my 
way to r«iduce the deficit by $200 million would be to keep NSF 
funded at last year s levels, what would be your answer to their 
suggestion? 

y Dr. Claus. I do not have current NSF funding, so I would be very 

disappointed with that. 

Dr. Knauss. Science is expensive, and it is verY difficult even to . 
adjust the cost of doin^ science to the cost of liviiS. The equipment 
for doing science now is much more expensive than it wm 20 years 
ago, ana we need that kind of equipment. We need the new com- 
puters that are so important to our work. We need the very fancy 
complicated kinds of equipment, and then we need the people to 
he!p run that kind of equipment. So.l think the cost of doing state- 
of-the-art ^ienc^ is more expensive now, and it is going up at an 

inc re asing rate. Just k ee ping th e NSF budget at the cost^oftiving 

increase means we lose* ground. 

Dr. Diaz, There are some other imues as well. The benefits of sci- 
ence to the community at times are not as apparent as other in- 
vestments, but it is just as important. R^rdless of the specific dis- 
cipline, most of the projects are going to generate other lines of re- 
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search. They are going to generate other work^ jiist bmides getting 
people thinking about topics. 

Major discoveries are not usually done on purtx»e. It is taking 
bits and pieces from a pool of knowledge. To cut into that is to cut 
into something that may be very beneficial tQ the society as a 
whole later on, and I would not like to see just cuttii^ our oi^ions. 
We do not know what is going to come out of these things. 

The Chairman. Thank you. I need to leave, and I will turn the 
remaining time over to my dear friend. Senator Pell, who takes a 
really active role in this area and who, of course, has played a sig- 
nificant role in the maintenance of the National Science Founda- 
tion: I have a lot of regard for him* 

Let me just thank each of you for being here. This has been in- 
tellectually stimulating. I think it is a different approach to the re- 
authorization of NSF, and that is to just talk about a few of these 
projects and see just how valuable they are. I think each of you has 
added signiHcantly to our knowledge through your research, and as 
a strong supporter of NSF,'' I feel r^ good about this hearing. 

Senator Fell, I am so grateful to nave you here. If yqu don't 
mind, I am going to turn the committee over to you* I have other 
questions, but I do not want to consume any more of your time. 
With that, I salute you and appreciate your being here. 

Senator Pell. Thank you for your kind words, Mr. Chdirman. 

1 would add that I am very sad I was n<A i^re for Dr. Knauss' 
presentation. We were marking up another bill in anc^her commit- 
tee at that moment. 

I went through the material, the bhotographs, and ][ was struck 
by one thing. Apparently, the Gulf Stream is not only oflishore but 
it requires deeper water for it to exist. What is the reason for the 
Gulf SRteam existing at all? What makes the Gulf Stream? Why is 
it that it does not come closer to the shoreline. 

Dr. Knauss. That is a .very difficult question to answer very' 
quickly. The Gulf Stream, in the simple senK, is controlled by 
the winds and the rotation of the Earth. You n^d both to have a 
strong Gulf Stream. You have to have the westerly winds at our 
mid-latitudes, and the trade winds at the southern latitude and 
you have to have the Earth nAate the way it do^. Jf the Earth 
were rotating in the opposite direction, for example, you would 
have a strong Canary Current off the coast of Europe, rather than 
a strong Gulf Stream. You would have a very diifufi^ Gulf Stream, 
for example. So the rotation of the Earth pve^ it that narrow, 
sharp intensity, and it is the wind itself which combines to drive 
the water in that circular motion in the Atlantic Ocean. 

There is a comparable kind of current in the Pacific Ocean, 
called the Japanese Current, which is like the Gulf Stream. It is 
only a little bit different, because the shape of the Pacific is differ- 
ent from the shape of the Atlantic. 

Senator Pkll. What would be the reason for its not being cl(^ to 
the shoreline? _ 

^ T)r. TChaus^^^ Xliilf Stream is close to the shore. It comes up 
the coast of Florida to about Cape Hatteras, and then it begins to 
leave the shore. It b^ins to go across the Atlantic Ocean. You can 
imagine these major ocean currents as being connected, almost as a 
circle as you go around the Atlantic Ocean. It goes acro^ the At- 
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lantic Ocean to about Newfoundland, where it m the Gulf Stream, 
and then it is given another name, the West Atlantic Drift, and 
then the water com^ dawn south off the coart of Europe, the 
Canary Current, and then they call it the North Equatorial Cuiv 
rent,and it comes back ^nnoss. YoUx can think of the whole motion 
of the ocean as being circular, if you will. 

But the Gulf Stream is very special because of the Earth's rota- 
tional effect. It takes that broad current and, makes it very narrow 
and very intense. v 

Senator Pbll. In connection with the vessels that we li^ve for 
oceanographic researdi jmrposes, I think that tli^re are les^ than 
15 or so in the United States. What is the status of that fleeK and 
particularly the Endeavc^ that vou have in Rhode Island? 

Dr. Knauss. YcHi are ri^t We have about 15 resrarch 
that are sufiported bv ti^ National Science Fmmdation, prii 
and also in part by the Office of Naval Research, it is tl^ so 

academic fleet, the UNOL's, the University National Oc^m 

ratory fleet llioK are all nnxlem ^ps. lliey are not like the ol^ 
ships we had before, whidi were World War ft surplus ships, 
are all built for the imrpose of being r^i^irch veieels. ) 

The oldest of these is about 22 y€^ pld: 1962. The general Aeel- 
mg among my colleagues ii^that it is not going to be time focArhat 
vou tx>uld call a ''second generation'' research vewel, it is going to 
be time to begin to think about the ''third generaticm'' research 
vessels, because 30 year^ is about as old as you want for a research 
vessel, and it takes us cdxmt 7 or 8 y^j^ once we decide to ck> 
something, to bqpn to have ships commg^^wn the line. So now is 
the time to b^n making plans for the neSf generation of refi»arch 
vessels, because the oldest of those vessels was built-in 1962, 

Ours is one of the newer ones, ttie RV Endeavi^, and^we are very 
fortunate with it. She runs very well, everything works, we have 
had our shakedown problems wjth it as |rou have with all new re- 
search vessels, but she is now generally thmi^t of as one erf* the 
most efficient and one of the mort successful ^ips in the fleet- 
Senator Pell. Does NOAA itself have any research vessels of 
their own, under the U.S. Government flag? 

Dr. Knau^. Yes. 

Senator Pell. How many wcmld they have? 

Dr. Knauss. The U.S. Navy has research vessels, and NOAA has 
research vessels, both for general purpcMse research .as well as 
survey work and with fisheries res^utsh. 

Senator Pell, But that would not be included in the 15? 

Dr, Knauss, That would not be included in the 15 that I referred 
to, sir. 

Senator Pru^ So we have a ^total oceanographic fleet of about 40 

or 50? ^ ^ ^ 

Dr. Knauss. I do not know the exact answer, but I would say at 
least :«). , . — 

Senator Pell. Would you, in your view, believe that we are the 
leading o<^no^raphic res^urh Nation in th^ world? Is th^ any 
o|her nation with as lat^ a fl^i of working as h^rd in it as we 
are? ^ . 

Dr. Knauss. The Ru^ians hrfve a much larger fle^t. Tl^y. clearly 
have many more research v^mels. Theytc^ much more work than 
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w^do, and they have very bright people, but the syBtem is impo^i- 
bleTBecause of that, in spite of the fact that they have more ships 
and a lot of bright people, we still are the mmor re^arch nation in 
the world, as far as oc^Einography is concerned. 

Senator Pell, Do we have any exchange programs or relation- 
ships with our Soviet oppraite numbers? 

Dr. Knauss. We have had in the past, of course, and, to the best 
of my knowledge, there are no official bilateral programs presently 
in place with the Soviets. There certainly are still a fair number of . 
informal contacts that continue, the exchange of reprints and this 
sort of thing, but I am jiot aware of any joint programs for the So- 
viets at this time in oc^ano^phy. I might be wrong, but I think 
that is the case. 

Senator Pell. Were thefe joint programs before Afghaniqtati> or 
is this one of the casualties of the cool relations bet^^n the Soviet 
Union and us? 

Dr. Knauss. Afghanistan was certainly a nunor reason for it. yes. 
For example, the deep sea drilling program,^ which has Oie Glomar 
Challenger and now, more re<^tly, the F&ico ^71,, which does the 
drilling all over the world's oceans is a ^int program operated by 
the National Science Foundation, which had^ well as tte United 
States, the Soviet Union, the United Kingdom, France, and the 
HFederal Republic of Gennany, and Japan. As of a few years ago, 
the Russians were out. That Was, I believe, specifically related to 
Afghanistan. 

Senator Pell. Thank you very much, Dean Knauss, I look for- 
ward, when the record is transcribed, to havii^ a chance lo read 
what I missed by not being here. I appreciate vwy much your 
coming down. ^ 

Dr. Dias, in connection with your pr^ntation on bram growth 
research, I was curious: were you tmiching there on the pnym(^ 
aspects or it^ or were you toucning^at all <m the pqrchological 
pects as to the development of ^e brain? * 

Dr. Diaz. I believe that the expression of behavior is in fact Ihe 
brain functioning. So, for me, I do not make a distinction between 

{>hysiol(H?ical and psychol^cal in that sei^. Behavior is a physio- 
ogical event. 1 was referring to both. The first thing to do U9 to de- 
termine wiiat are the deficits, ana then the next step is to sa^r, 
What difference does it make? So a person has a 10-percent brain 
deHcit; canyou notice it, will it affect their iivas so ttet you shiwld 
avoid it? That i^ the permanency and th6 exact nature of brain 
deficits that occur early is what we are hoping to continue to inves- 
tigate. 

Senator Pell. the deficit occurs in the left lobe as opposed to 
the right l<^/or viw versa, would that have a different reaction 
on the per^n s behavior and thought proce^€«? 

Dr. piAZ. That would not happen.. There has been much ado 
about left-brain/right-brain differences. The fact remains that we 
do deal with the whdle brain. Except in unusual cas^ both hemi- 
spheres are receiving information, and it ip unusual if you have a 
trauma that would'penter on one and not the other, not unless it is 
an ir\jury of some mri. 

Senator Peu.. Ito you believe there is any difference between the 
left brain and the right b^ain? 
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Dr. Diaz. I think the way theti^rebral cortex is or^uiized and 
the, specializatiims that occur have been doctui^nted* lliat is^son^ 
. thing that cannot be denied. * ^ 

^^pator Prax. In other words, f>ne is "Wore creative and the otlwr 
is more mundane? 

'^tirVptAZ. I am not sure I would exactly agree with that 
» Senator Pkix,^ How would you ohapacterize the differences? 

Dr. Diaz. I would characteriw the difference in the sense that 
there i#so much proc^ii^ tt^t has to occur,>|o much higherK>r^r 
processing that has to occur,\that a? t^jat pitfticular level, redun- 

•dancy is n^ goi'lgHo be the moSt efficient way for an organism 

Senator PkLl. What? ^ - . > » ^ 

* Or. Diaz.. Redundancy: to ^ve it1>ilaierally represented It is not 
the most efficient w^y of processing that information. Not everyone 
is as lateralized as the pofnilar literature^ would hjpve you believe, 
attd^here are people who do in fact h^ve many functions that are 
bilaterally fepresented. The c%p^ility c^ recovery of certain func- 
tions is possible. 

Senatof PeA. But thfit was not my question. My question was, do 
you* Dr. Diaz, feel that there is any difference between the left J<^ 
and the right lobe? • 

Dr. DiXz. Yes. , 

Senator pEU*^What are those differences?; 

Dr^ DiAZ« The difference is in not the exclusive lateralization of 
fut}&tion but in areas^ taking primary responsibility for certain 
functions. So certain areas will take the lion's share m performing 
certain^iasks, but that is not to say that it is exclusive, it is not to 
say that we are two4>rained. Under norm$! circuifasthnces, there is 
communication between th^' two. 

Senatpr^Piix* I agree with you, creative versus mundane is not 
too good. How would you ^l^acribethe difference?. 

Dr. Diaz. I would not characterize one hemiisph^ne over the other 
in those terms. You cduld lust go down the list and describe what 
functions /pay be lateralized^ on one side and what may not be Qti 
the other. 

(Adaiflonal material supplied for the record foltows.i 
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I in Aiwa Harrimsfl, pr««ld«fit of tli« AmtIom Aa«ool«tlafi for tht 
AdvaaoMmt of Saim«* First* • r«w word« AHotic AAAS. AAAS « 
nMhtrihip of «t^rosint«ly f35 tbousai^. This «iec«9mi#9 « tfid« MTay 
of IntflvicfuaXs profeMlonall/ involved lo the Investlsa^oa of ptiysioal, 
oteQioal, bioloiloai, Miavlorai, ao^^, political aod aooiKwio p^e«KMoa 
»^ tuo uaa of pbyaio«l, ohonioal, biolofioal, b#tiavioraX, sooial, 
politloaX maA 9O0fio«ic pliMOMaa to s>lv* problaM aod caaolva Is^im. 

Tha uoiqua potantial of AAAS la it« o^aoity to faoilitata comi0ica* 
tiofi anooi'teie ^aa^ ^mltlplicity of solantifld, tngiflaoriils and ralatM 
profaaoionaX aoeiatlaai to provldo saohMiaM to adtfrosa ia^iaa of 
ooiie«ni to tlma organlxatiooa aod to provitfa public fmaa to'addroaa 
«taaitM viiloh iavolva ttia raUtion of Mime«» af^Boariag and taolmXogy 
to aooiaty. Tba aotivitiaa of AAA5 raflaot ita atroi^ ocawitwaot to ttia 
uaa of aoiafwa, anginoariag and taobaolaty to aobaiioa tlia ^mlity of 
Ufa of tiiia md auocaadinf gaiioratio^a. 

Ua hava a vital intaraat in tha lnval Md tim rata of growth of fad- 
aral support for Invastigations in authaaatioa, aoianoa imd enginaaring 
and for aducatlon in mathafliatlos, aoiatica amj a^ginaaring at all lavals. 

Tha |to billion pro po sad FT 1985 »SF btidgat Is very raaaauriog* In 
a pariod of alarming national daficita/ ^bla 141 Incrtasa over the Si.j 
Dilliofl of the FT t98« current plan daaionscraces tne c^naaitaient of tne 
current admlniatratlon to the support of esathenatlcs. scianoe and engi- 
naering research through the ?fational Science Fdtmdation. Tha overall 
Increase In flSF's R&D :>udget ts ag&ln one of the largest H^iD Incriiases 
«*«ong Che federal igencies. 

4 
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ra MBS^ UJ« tISF tHid««t. from ttM standpoint of UAS, r^ulres an 
loMotioo of both ttm o^tud* and tffa rata of grwtM of propowd oblU 
tatipM activity ^ aubactinty. ^ttm attaohad table U aaaaiitlally 
ttm budgft suMry tabla ftlvao on page 32 Is Umi groan bo^at, national 
-Soianqo roondatlon audgat 5i»»ry Fiscal tear 1965. with ooa ooluwi 
dalotad and two coliana added. • The ooliaw dalatad U the InoraMatal 
diffarmoa bdtwaen FT currant plan and tl^ Ft 19S5 propoaad budget, 

the aided oolwws are ?t ^9BQ (aotuel) and the percent cnengea fro» 
FT 19W t6 FT 1985 corrected t0r inflation. There have been a few 
jorrdetlcna of «ioor ^nitudes In acM of the figures i» the iSF midget 
' giwary FT 1905 table as piAliahed in the graen booklet. 

Ny foeua fbr the raent will be the firat four direotoretea. 
These f<nr directorates socotrnt for lua hlUimi of ttie FT 1985 biKlget 
aod X ahall refer to theae directcwatea as the ftww 1*0 direotoratea. 
Two other directorates will "be considered e^erately. 

The FT 19B5 proposed budget for each of the four 8&0 directorates haa^ 
a ^ty significant pSVeaae compared to tbe FT 198« current plan, ranging 
fro« 12.6* for BlJogioal, Sehavioral aful Social Science to 21.6% for 
Engineering. All subactlvltles^wlthln the four dlrectorites show signifi- 
cant real growth, ranging fro« 3.2t to Z^.n 1« currant dollars. The 
p|^tarn of increases for FT 1985 Is vary slullar to that for Ft 198^, 
although slightly less in magnitude, 

^n inspection of the aubactlvltlas of thesa four R40 dlractoratas in^ 
iicate that thnfe of the four deal primarily, but not axcluaively. «lth irw 
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v«^li«tioii9 In aattiiutlof, iovtitlietl<Mi« of ^r^gni obMioal 
^bMOMna, and InvMrtlgatloiia in th* U8# of ^^tewtlo* mid pUjrsioal 
pteoMisa in solving probltM* Tlioso tliroa diredtoratog ara: 
Katliamtioal and Pbyaioal SoiaooM, Cagiaeeriogs aad mrinmioalt 
ACMospiiarie, e^th and Ocam soiaoo^, witn a total ^ropofad budgat of 
I0,9< bilXioQ. «SF siqiffortad iavaatig^Han^of bioXi^ioaX* bahavloraX. 
social, poXitioal acomMio pttaoaaMiia, Mid tha osa of bioXogiaaX, 
Uanaviorai, social, poXitioal and a«mnio ptwnoseoa in solviag ;»-0Dla«a 
and raaoXirif^ iaauaa arm ^immrXlf; but not .aotiraXy, groii^ad t<^atlidr in 
tlia fdurtb diraotorata, Biologloalt Miavioral, md Soolal Soianeaa with a 
propoaad budget of ^.2$ bilj^ioii. 

A aoMiftet diffarant p«tt«*» of growth avargM if tlia pn^aad FT 1W5 
biidgat ia oonparad witlutha FT 19M (actual) bwtgat, *By diraotoratas, tha 
paroant ah«s«aa fro» FT 1 W to FT 1999 <oorraot«l for inflation) raf^a 
froai a dacraaaa of un for Biol<^loal, B^vioral and SboXal Scianoaa to 
an Incraaaa of 19.2* for Engioaarii^. By subaotivity, paro^t changes 
range fro« a daoraasa of for SooiaX and £cono8ic Soiarusas to ao 

iooraase of 71 .5S for ElaotrioaX. Computer and Systaos Enginaaring, For 
the flve-ye«- period, the funding of two other subactivltlas also 
decreased, the decreases are for Beiuvioral «id Haural Sciences and 

1ft. 2t for Infonaatlon Science and Technology. 

I raise the question of the adequacy of th* ngjtlonai Investment In 
the inv«3t4Aatl(^n bioioigicai, behavioral, social, political and econoraic 
pnenoaena and the Investigation of the use of Diol<^ical. behavioral. 
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»ol«l /political and ^oqiMMlo piMiWMna m •oivKBi pr«M»l«M nd rw^l^j^* 
lMii«s* till* Is • vtfy nmdMMua ^•tira* TtMi ansimr is s vsliit f , 
. judpMot SBd oso only bm for tlM ustiMi by tUs public UitmsH ttto sur- 
rag^tss of tbe public tbosc olcctsd bf tb0 public snd those ^H^intod by 
tboso oXoctsC* 

to cxploro Um qusstion Involves a coasidoratica of the usys scisatlflc 
ind sngiooortog Invostigatioiis sarvo tli«^|ldilic good. Sclai^o* tba in-* 
vastigsttoc of ptiamMma. ganaratas s body ^f soiantlfio tosowladga consist- 
if^ of a data baaa. aa array of Mtbodologiaa aod an array of oosoapta, 
Sagiaaari^, tba lavastigatloa of bow to solva problaM* gm^rataa a body 
of aagiaaariiv tcoowla^a oonaiatiag of a data baaa, an Wray of va^odolo- 
giaa aid an array of coflo^a. Tte oo^aad body of kimladga ▲nras 
sooiaty is at laaat tl^aa sigoifioaat wayar 

1) It aaimcaa our oa^itiM to carry on fortbar iovastigatioiis of 
piMiiOMiia Md furtll^ invaatigati<ma of bow to aolva fH^laos. 

2) It is in part tba baais of our parcaption of wff' ^ysicai, 
biological, social* poj^itieal and a^moaic anvirooaant* in part tba basis 
of our parcaption of oursalvas and oiar ralatioaa with ott^s and In part 
the basiTof our parcaption of our oapabllltlas to carry on ftjrthir 
mvastigations to solva problM»* And. 

3) It foatars technological innovation, si^porta technology Ctha 
production and dallvery of goods ami tarvlces) and supports the effective 
use of %he products of ^ectinolagy. 
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Al»^«int«ly tHrm 9i^«rt of Uit propoMd FT I9f9 budi«t 'for ttm 
four 8iO dlr«et0r«t^ is for tli« «^>port of lov^tliationi fbi MtlMatlos. 
lBvo«tU»t|oos of ^alosX and olionical ^MnoBtno Invostlsatloiw of 
Im to ooXvo problMs (oatlnoorloc) oslnf phyileal phooofMi^. 

Tlio icioatlfic, «^lii«orli^ ^ toohnoXogioal ooMwityjoMHst solve 
soolotAl iBMHtkm, Only sooloty osa solve sooletia Issues. Scleotists 
eiHlliieers osa i«lefitlfy issiM, assess tbs ssture mid tt^oltu^e of tde 
issues* Ueetifr sress requirlag ^irtlmr Invest isstioas* (propose tsolmo- 
loClMl optioflSt sssess the prolMrtile positive li^sots mad tlie i^^oli^le 
negative i^^ts of eso^ optim (iAoludios tbe os^ioa to do i«»tliii^ oa 
sooioty. Sooiotal ismie^ hsve to do iritli the ^^ity of life mad deeisions 
tMivlns to do with tlis (|uslity of lifs are prw*og«tive of the publio mid the 
surrogstes of the puhlio* (^me the dsoisim is bukIs to iapleMit s 
pertioular optioe, aoientists sod engineers have a srest deal to do with 
the iaH>lsMntatlofi of that option. 

I ooasider the seleotive use of ttotaoXogy to mhsoce the quslity of 
life of this and suoceedlits generations to be one of one «ost significant 
sooietal issues. Concerns related to the quality of ;ifa inolude national 
del^se and national tcowwio growth but are in no sense liait^ to those 
tuo very significant issues. * 

Cvery^teehnoXogleal change, brought about by either transfer or inno- 
vation, has a negativs iiapact on society regardless of how great the 
positive inpact of that teohnologioal change upon society. There no 
direct proof for thid staae»ent. For sosie years I have ch||^l«nged 
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•iKlltMM to aiU OMplM Of ttobatflo«l9«l 9tmm9 for tho statflimt 

U QOt triM. I stlU know of no oxM^t f^ t^oh it. is not tni*. THo 
•Ub«#t of focioty tlurt; ^vitm cte tmftflta ms not bo tho m^^t Usot 
b«irt tiM ImrdOQS. Tt>o tioo froM yitblo titiieli tlio tMooflta boooM 
•vldMt My ^Ito dlfforont frw thm tiM frMO within whUb tbo burdofis 
b«OQM tvldoot. Tbf naturo &aA Mgnltudo of tbo ^oflt« My bo cfult.o ^ 
Oifforont fros tlio nmtttr^ and tbo s^ituOo of tbo burdono. Tbo io^U« of | 
ooMTOO, to MXletiiroIy om tootewl^y to o nbuo o ^ qfrnlity of^l^fCmd 
MfO o^uobly dLporoo tHo boaoflto osd byrdOM of to^moioftloal o6in«o, 

Ifo b«v« y«t\to tevoXoi^^MTOlly o^optod ^yolity of lifo iadloi^bOro 
and tlio ^^lol of utflag oomo^o lodiootom lo $^ boot a vary iMdoqMto 
aobatitiito « part»miTaplr^ tlia ^ta-llfi^omot bo dim^r^^atad .to 
Moltof IdMtiltfbla subsata of aoolity la. aoooaasl^ tlM iatorVals. 

Tba awaat/blttar^^aaaqa^oa of Jbaoboolofioal ^yBtga la not o mlquo 
obaraotorlstlo of taotifM>l<^oal ebanfo. Xt la Inataad a obaraotarlatlc of 
obimge « all aoolalt polltloal aad aoooo«io obwsa. Tha goal of taoh- 
fiol^loal trnsafar and taolmloiieal loaovatloo la ebawa. ^ / 

Traditionally, M^lpaarlns baa baan tha lovaatlgatioa of ^oblan 
jolving tbrough tba utlXixatloti of (HbyaloaJL «td obaaloal phamnaaa. ^Tba 
^fubactUltlaa^of tl^ MSr Ft l985^M^at of tba Engliiaarli^ Dlraotorata 
micom^M this typa of en$lnaarln«. Today» afigloaaring also •nconpsaaea 
tha lnv«stlsatlafi of problaa solving utilizing biological smaaoMna and 
terms suoh as t>loaiiglntarli^ aod'gaoatlo engln«arii^ have bacoso a p«rt 
of our l«f)guagft. 
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F«rail«l a^proMtet to Um tolutlM of groHmm md tMm r— pliittott 
of tooUtal Imm lAimlfo Mia titUii^ b«MrlM*«X, toolal, polltlul aod 

r««it«ly^ttltt«d to pbrsleal ph t o o a i na ml tbc rttolutioii of ftiieli Umoo 
i« not to bo f^ouad to tbo tttUis^lon of p^yislool phtnowini, Evoa tto 
rotoIutioQ of isouoo. tMOh «■ iraoto 4iopooolt ulilols do lo^ltt pliyaio«^« 
oliMiooX and Uologioja phuowow t oro dopMtoot uy^a tte rmlutioo of a ' 
boat of bohavlorol« aooial aeooo^a aod political problaM m mIX as tha 
dovolopMdt of toobaolofloal ^Imo lo^olviof pbsraloolt nhanloal mi 
^iolofiloal pb a p oMa w a, tImi approoeb to tbo rooolt^ioo of iot^NiutioMl 
Viifli«i tte^uaii notolMtiM 10 miMr d^^dOBt t^oa tbo baoiaoc^a aod 
imaoratantfiiia of tba aooial, ooooo^a md pa^itiool atertioti«-aa and 
prioritlM oc tHo oatlooa iBvolvad"Md m oMorotMdi^ of tto rolatioo of 
propoaad aolutiona to tboM atruotwwi Md priorltioa, 

to aaaooa tba adoqyaoy of tba fad«^ ^^^port fbr teaio rtaaarob la tiM 
bibloaioaX, b^irloraL and aooial aoiaiHsaa ioaa far boyood a oooaidoration 
of tbo a^ budgot. umiar tba propoaad FT 1M5 biaUot, aSF vould aupport 
las^ tbao 17% of tbo total fadoral baaio rosaaroh affort, ila aro all 
familiar nit^ tho nipport of iovastiaatioo of biol^ioal pbaooaaM la do- 
partMntA sucb ma Agrioultura and Haaltb and KuMm SiM^iooa* otbor aottfxaa 
of aupport for invastigatioiia of bohavioral, social, politioal and aoonoaic 
phanoaana ara not as visibla. ^ 

I ca « physical clYsalst and «a wall avar« of sod vary proud of our 
eistlofi's traasfidous capabllitias to lavostigata pftyilcal and cbaaloal 
phanomna, to usa pDyslcsl and chaslcal phaitoaeca to devalop tacbnologlcal 
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Colons and to m« th» •tthodoloii«« miA Urn &M9^ of 

ttm pliploAl Mleoeos aad of oiisln^^itsil to lavostiiate blologicvX 
^MfioiM« «Qd to liivMtlgata axtr«Mly large md oo«pIoK iystoas »iob m 
%hk 0COWI8. Tho comity of this iatloo to plam and wjdoubtodlyjw^ld »nd 
•ffcotlvoly uso tht long I>mo line arr^y of radio tolesoopoa Is an 
•XaiMit display of (»aat aoooBpllataMsta and ourrant cai>|abllitl«s. It Is*^ 
txaotly this ^ida la tHa paal and tfsls ^mfldaaoa la our ourr««t 
qapabllltlaa tliat laada sa to ba so ooaoaroad tlwt lisiitad Voiovledfa abd 
ttfidarataadiiig of b^vioralt mlal, politloal aod aoroonlo^pliwiOMa 
oMld Inhibit Um rMoltftioa of aooiatal Is^mo «mI tte.aatiaaoavant of tfia 
^Mllty of lift, ' 

Tha AJUS Board raeo^igM tba ayaarglatio oat^ra q€ soimoa aod a^i^i 
aaarlf^ and alao tha groving imity of aoiaooa mad aogioaAring, avan 
though tha dlsaipXinaa of aoi^a aed tha diaolplittM of ei^iaM-ifig «*a 
rapidly prolifaratlng* Tha AAA8 Board ia in tha prooaaa of t^ag to the 
Counoll a raopaMiulatloo for a ohaoga la AAAS^ goals to racognlza md 
faellltsta tha gro«rliig ufilty of soleooa aod^ anglaaarli^ mad tt» AAAS would 
suiH»rt tha loveatlgatloa of saohaaiasa to bring soiamxr and aaginaarl^ng 
closer together 'In federal agencies. 

The Scientific » techoologioal md intamatitmal Directorate (STIA) Is 
quite different in structure and foundation froa tha four 8*0 directorates. 
One of Its «ore interesting features is that it coordinates a nuober of 
ictivitles which are carried out by the 840 directorates and fi»Rled through 
the R&O directorates in the proposed FT 1985 budget to the extent of $80.7 
slilton. These special activities Include the HSF Soall Business Innova- 

r 

tlon Sesearcn ?rcgr«5, ".ne Indo-US Science and T^hnology Xnitiactve, 
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Airania mtd Support 9f3hmUMtlf Uatf«rsr«di»t« |Mtitutlo69, TUlB 
mppr^mah MttarM t6« taodtrda of •xo«11m0« aad proeMaas of pMT rovltw 
chorootoristle of ^ S&o dlrootorotos. It U too onrly to M4fM tho 
•lioooso of this •^vroaoh. In pfiiioiplo» I Vind thfi opproafth i^troetlvo 
and suspoot that t^ ttgraa of nMoasa vill bo elosaly roiatott to tho 
quality of ovoraigiit^tiafi STIA «Ki aiiM) laval of ovorsifttot of ttM 
Htf Oiractor. Xt viil retire dU^iimo^ to aa«ire that thomm aotlvitiaa 
do not boMM diffXiMd aod poflwihlf dlatortod or divortod by th9 H&O 
dlfootoratui, . ^ ' 

Anethar «sbaotivity oSt STU. ia policy rasaareh tod aaalyaia, I b#-. 
lieva that thia ^lould iovolva ttio typaa of r^aaroh apd X an not donfid^it 
that it doaa. Th9*t«o typaa of rwmroh afai 1) r^iaaroh on aoianoa 
polioy aa a diaoiplloa and 2) raaMToh msd maXyaia aa a baaia of form»> 
Iatin« isaiioy or goyM^Moxit poXiofoa daaliog ifith aoiafm. ta^mology aad ' 
natural reaourcas. Both typaa of raaa«-oh and aimlyaia are laportint but 
thay ara diffaraot. I baliava that it is isportant to racosnlxa aod auio- 
taio th« diffarance. Xo zh» first oaao, tha iovastigati^r is a stt^afit of 
seiance policy and presimbly has no vastad latarast its tha ogtccKsa of rha 
analysis. In tha second casa« the' inv^a^gator becomes a ^artlclpanV in 
tha fomatidn of policy dealing with scianoe, technology md natural 
resources and may la pose personal value Judgment on the butcocae of ^ the 
analysl5« Ther% l5 aapJ^ evidence of ^research of tbe second kind. 'It is 
not clear how such support Is given to Investigations of the first type - 
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^ rw>rnri MMti^ to t6« dvvcIo^MBt of tlio dlMipllso.of mIoooo 
^ioy. Umi nrst typo of rooo«r«^ p^^sUoU tbo typo of rmm^toh ^ 
oooMtioI to tte OovolopMot of ino dUeipll«# of otMnistnr. 

srhk oiap h«i tut roopoooibilitjr to <mdtiat mmrofo tod wiiotolii ^ 
•olOMO rowBW d«t« U9^.^ AiAS pX^o • tHih voluo on tiio potootiol 
"ootfuliMOS oir thio Ooto bmrnm for roaow-oh, leoluaioi rooo^H to asoom Uio 

of noMM, flUoorit^oo Md tllo pHynioiaiy taocliooM^ into ooi«itiflo 
onO on#iiioM*la« «artors mO tHo wo«o«t" of iioww^ aloorttio^ «*d tho 
pliyoioolly booOiooppod 19 tl»o o«ro^ Utfdoro of toiootiflo ooO oi^oooriiig 
profoMloQs. Vo t o og^ i yod ov^olcbt to Ibsoto thot^tbo doto teoo f»r 
oeioiitifio nd «n«iooorii« p^roomol bo dioogp^ifotod to < n 
ioforiwtioo. 

tbo nr IMS bydfot |br tii^ Soiium «id Sngiiiooriiiii Edttoatioa 
Mrootoroto U ototod'^^io torw of two »iib«jtiirltlo«, Oradooto gooo«<^ ^ 
roUoMblpo and ProooUoso Soioooo wfd MatlMMtioa fi«w«ti08« 

A oodoat iaoraaao in t^in% tot ftUowmpa ^^l|^'for a Mdfaat 
loaraaaa In tbo mo^or of falloMbi^ «ad in tbo stipoiida of tba fallour 
^Ipa. Tbia t#oXUoatabll^ad ^^rtt$rm radaiqa lataat.. 

Tbo propoaad FY 1M5 budget ia 2« lonar th^ funda twda 
Available under tba FT IW* current plan for preoo^;^ V, 
aiatbaBiatiea eduoitioa* 

I find tbis aotlon to be abaoXiiteljr astounding. Even aaawing tbat 
-Congreaa will intervene and inpraaae Ihm fui^iad for precftUeae education, 
tbe Sciei«re and Engiaeering Cduoation OiViwtohate will have been 4wied the 

• i 

opportunity to design and to present a coherent program. The course taken 
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■ by tba DirMt«r«t« m«m to b« Um prMmtatioa of a. vary (wbulOM array 
Of progTM that far Moaada Uw la««X of fi»Mlliig Mda avaUabla in tha ' 
.prppoaad Vudfat, Thm-m will on^^tBdlf ba ftropoaals M aoa* aaritorloirf 
{»ropoaaXa ^wiXX ^ fuodad, (Hit thfra will f oo Idantiriabla tlirust by ttia 
iatlofiaX Saiai^ Fouodatioa. Hk aaad laadaraliip fron tna national ScltfMa 
F9M«t«tioa iB i^aeoilaga aduaation «id In my optnion* t#a do not hava it. 
^ I Mfif <fA tha EduaatiOQ Coaaiaai^ of tlia Stataa Taak Foroa on Eduoa- 
^ tloo for^ Eemraaie Grovth aad, m vail awara of tha Inltiativaa twir^ t^m 
in mmy of tha stataa I«^aly m a ooaaa^uaaM of. Uia Xaad^aliip of tlia 
lov^rvora of thojM at^taa. TIM pragrMa ^iag sada ia lopraaaifa. Thaaa. 
iaitiativM for thk ooat past addraaa tHa amriroasaiit Witliifi tmioh aduoa- 
tiofi takaa pXaoa - tha raAar of r^trmi oomsm^ pay f^ taaohara, 
availabiiity of aqaipmt, tha Xatigth of Um aehooX day, tha Xmgth of 

«1 ya^»^diaoi|aiiia,< eto* Thay &q oot'tMd to ad4rMa tha oatura 
iioati<mal axparimioa itaaXf. To addraaa tha oatvra of tba aduoa- 
Parianca Mthaftatios md a^aiica /or aXX atudanta at tha pra- 
eoXXaga XavaX la, to *a, mlquaXy ^H>f*os^«ta to tha MatlonaX Sclanoa 
N^oundatioii. to tha asorgaahord of ^c^aoa iaistipnad in ttm supportir^ . 
budgat docuBHint*, timr^ wrm o^^txmitl^fko addraaa tha natura of^ ^ 
«aCk:ationai exparlanca*but tnare la no Lliruat. Tha traXua of tha vnola ^9 
^ ahduld excajd tha value of tha sua of t|^ parts. ' , ^ 

Tha placa^of tha NSf in >racoX:tag'a nsducatlon muat b« »Sdrasaad by 
Cqpgrala dueling this saaalcm of ConCr«9». Tha ' {lational Seianca Board 
(ffSB) CowlaalOR^on^Pre-CoUege aducat ion first ««t .ln JuXy it 
^nransisitted its report to Congresa, - and to iha »3B 1« Sapta«bar T983* 
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. For mothmr y««r to io by witlwut vliormitf ictlon will be n«Mt« 
r#HWHi3ibliit i| » r ■ CA) i #i i ■ ■ 'Wt tiw «S8* ^ 
The rmmj(nd9r of thl« «t«t«MOt Kill insist of ^l«f 0 0— an ta on « ^ 
variety of ^ |«n«ral l9au«9« 

iBfrtm lofna Aotlvltim , UAS 'iiitero«t«. goals aw^ practloae «ra 



antiraly c^alstaot wli^h ttm tfatlonal Solattoa Board StataeMMt 00 Soiwo 
tfl tia intarnattonal Sattins (Septaabar 19S2) 1» nacaaaery to 

raatata thos4 prlnclplaa fiora. (A cwjpy of tha Soartl at*t%f#nt is 
attaotMd.). »a urge Ji stable rate of growtb lo tlie support of prograas 
ooMlstMt mth th« RSB atrtMWit.. of «» AUS •otivleiM la tp s«nf« 
a ttm secretariat for Um C«»aortlwB of kUS AffUlat«» 3«l«itiflo 
Sooletlea for Intenwitlooal Progrm* THe Co«gortli«i proVidas a 
MMmmloatlon syatas fbr about 70 solMtlflp and eoflaeariag aodiatlaa 
tfitli liitenuitioiial'^^t^«B8e 

AiioaM to Qowuter faoilltlee sod electron ic totformatioft syetaaa. 
AAA5 recogttltea the essential nature of ready aocaas to ^propriatle 
qooputer faciXltlea and to aolentlflJ wid aiilneerlng inforwatlon for all 
aclentiats and anffineer* sll actentlflc khI engineering disciplines and 
we urge jlSF to assist scientists sod ei^ineera to discover' tlw potential 
ot computer methodologies. appropriate to their research and -io facilitate 
access to computer faculties and information systefis throt^h. networking 
and siting appropriate coaptiters st strategic locations'. In particular, we 
make the plea that scientists and engineers,; In subdisc^plines that have 
yet to' embrace Iholeheartediy ccwputer aethodoiogles, be Involved ta the , 
itrdte^i- planning f^r ^he installation of ^oiptiters and the dev«lo5»aent ^ 
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U« r«q<^tt« that otmput^r gaitSrstlotti follow ociaputer ienwratiaflS 
andvtliat o^ly lonf-^^vrv plmsins qm Iomt* ttm svailabilitf of tlii* l«te$t 
gtnaratiCHi oovputer systras. '^Aoo«99 «id utilimic^ to tboso advaoood 
coBiKiter^ and Infoi-Mtion systees Is ravolutlonsXizic^ th« ways in which 
floiantiflc and anginaarlrtf Investlgatloas u'a oarrlad out. This la an 
iaaoa that goaa far tiayond tha eapabllitlaa of any *ona aganof to add rasa 
in i|i adeq[uata fashion for tha natioa. It calls for strat^lo thinklns in 
tarss of what ara approprlit^ national actions ^ovarnsantal sful private 
^ aiid how tha sitpport Shal;^ ba proif!^ad« ^ 

A4ftQl^atlva Isai^w ^CParaooal aoflmnta) Tha solMtiflo and 
anginaarliig oooaunlty wa» ^lalcan by tha olreimtatioas uoder whioh sons of 
tlsa aaalatant dlraotors at KST wars iMad to laava In lata 19^2. At tha 
tlna, I WM aaaitf'ad that I would ba raaaaurad ima^ Idaotity of tha 
raplaoanantt bacane known. Tha sad f^ i% that flva of tha diraotorataa 

dlsouasad* in this stataa^nt ara still oparatiaf laidar tha laadarship of 

I 

acting assistant di^aotors. E^lly troubling is that smy^ral of thasa 

acting assistant dlraotors continue to fulfill as well tha 

raaponsibllltlas of tha positions thay held before tha* appointment to *an 

^ting assistant director. This ^ not reassuring to the sclantiflc and 

\ 

engtneerln<g ::o9aRunlty. 

Second Consent.. During the last years that I served on the ilational 
Science Board, I chaired the Prograo Coaa^ttee of the Board. On the basis 
of that experience. I strongly support the rec<Miendation of the Chalnaan 
of the Matlpnai Science Board to ^send the NSP Act to ailou the Board to 
delegate the Dir/»ctor approval authority for grants that do not ^ceed 36 
-34lli.jn :r) -.j-.di. jr iili^orj tn jny 50e year. in ' «iu i 3 
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lii^Sd^l6 ttillion exo«Mlv«ly frusta tti« «tt«tttloa 



^Afid it M«i •sa^tl^Ilr lnpo»9i(pl« to dtv«l0fi m 
4}kf txjiW tiMl fi^port of oMdl soionoo. 

ooMdltflMfit to folM09 ^ ocmiaMTlni •dtraation «sain9t 
^ f m ooOTd«»«fit %a^c^M«roh la soloneo Md «^laMrliis. Many of u» ^l^trer 
«iO tt#l(f Mt^ ttM timy sod it li u«. Ue aro eowlttod to «»oth. This 
tuatod by tiso froqimtlf re9coum«« 5>at*t«^ of a vory . 
i^ot for aoitooo «od o^lfiMrii^ aduoi^ioa boiaf roisod by • 
loeroaaii^ tiMi total touds«t. Tin Mt rowlt i«i ^ttat 

^■■f™, — .--^..^ 

tiiot id bol^ Plilyttd but I wMd^ if tiMM «rfio play it hm§ 
diviaCtro it ia to tho aoiontifio aod «i^AMrii^ ooosimity, #eaaaroto and 
aduoatioo ar« aynariiatlo ml thay ateuld bo porooivad to ba syoorgiatio. 




q^ofloral Cbawoot . (Paraooal 



9t> Tha 1^ FT 1^ ^poaad 



bi^tfot la a atrong tHidgot ami mf orltloif»a that X t»vo mda 4u#atiOfia 

that I hatra ral^ are dartvtd froa aiy ooofldaficb that ^pfSF La a vital 

found at loo and that It is fully oap^ln of'^ovidiTig mi avan hlghar ^favel . 

I • • ' 

oV laadarshlfyM sarvice to cha sciantific amV anginaaring ci^nHifiity and 
"o tha Nation as « wt>ola. , ^ , 
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The Hoaorn^le hrriti 6. M,Mtck 
Chalnsan ; ^ . . 

CowJttM on Md tMi|a.ft8mfftM 
UfiUed States Sefwtft X *^ ^ 
llMh1fi9tOfi» D.C. 20510 

dear SeiMtor Hatcfi: 

As tAe MMTld's lerge^ sctentlf^ society dedlc^erf to « sl^le dfscf- 
pHnc, the teerlcan Chcmlcil Society offers *t|^ fo1)o«r1n9 observations oe the 
AdnlRlstratlon re^piest for the iatlonal Scfence Foyntfatlon for FT 19B5« (har 
coRMrtts focus Of the proposed fending of cheoristry research, facilities, 
IftstrtmeiKatlon, and science e<hicatlon, as veil as on the general state of the 
chelate al sciences, «hI how the federal go^ei^wa^t can continue to advance It, 
We hope yottr Coonlttee will find these conen ts helpful In yo^ dellheratlons 
on ttw 1^ authorliatlon* 

The la^tance of chenlstry to the national viell^helng Must he fully 
recognUed and exploited. Chevlttry l^lnges oo virt&ally swf aspect of our 
dally lives, and Is fundanental to such vitally haporti^t scientific *endeavm 
as petrochemical catalysis, ntm^^^rqy processes, hifh performance plastics* 
advances In aedlcal sc1»ice ai^vVnaterl a1^ and new electronic aurterlals and 
devices. X In interdfsciD Unary scleNch «id cibhnology, cheelstry Is critically 
taportanr In understanding synthesis and pno^ertles of aetals, cerailcs^ and 
>TOlym»rs^; sarface and Interfacfal phd^anena relative to adh^lonv tmr, ccnr- 
nJslon, and bloconpatlhlllty; electronic, o^lcaf and aaffnetk behAvl or of 
materials; «id developaeht of andlcal devices and •aterUla,'* to nane ^t a 
' few* * . 



Is4|aa 



While the Society Is-Vvrtened to see that the MSf FY IfK budget for 
chemistry Is slated for a healthy Increase, the oppi^tfliltles before us In the 
field could Jostify a far larger Increase than uhat Is profiosed. Seg Imping 
ulth inade^te base, funding for chearistry o^ the last itecade barely 
kept up tflth Inflfftlon. At the sane tta, the cost of <telng research rose 
nuch faster than li^latlen, because of the Increasing se^lstkatlon of re^ 
search Instnaoentatlon «id the Increased hnt of the suppcMrt structure needed 
to carry out high guaVlty research? As a result, aiMy ei^lleet rese^nch 
projects were fumlH Inade^ately, and amy more could not be suf^^ed at all. 
Neametlle, the* support structure for both research ami chemical eteatloa 
contlnued*^o deteriorate (k^ to lack of resources. 
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We intSi-lnsure thai promUIng re^arch dlr^ctfouft mta fylly enp\ore4^ 
9i#«rmtee if%»t the kvmmt resources nmeM by w fi^strles are forthcoming, 
and iialntatn the resei^h and education si^i^t structmre ^cessarjf to a 
healthy discipline, in this rea^^ o6r mijor points on the Ft }9B& authorl- 
iat1<m can be syam^rlzed as folions; 

• In ^neraj, ACS Is pleased ^ith the proposod HSF fm6qH re<|uest for 
che<ii1stry for FV 1985, aU»K^h greatly Increased Si^^t could easily 
be tuada use of. ^ 

• favors the plamied Increase In support for fhstrtaoentatlon 
purchases, and also recooaen^s that funds be Available for gperatlon 
and Maintenance. 

• The ^overmaent shoo Id study the problem of a^lng facilities and what ' 
iifipact this has on ^.S. science. 

t ACS favors the planned KSF effort In supercoi^KJters, but stresses that 
the cooBiltJBent nust be a lopg-tem, sustained onev 

t ACS lU>tauds the efforts of NSF In develc^ln^ special prograns to 
encourage young Investigators, Monen, and Minority students. 

• ACS fai^rs an Increased itSf role In precollege science «id nathenatlcs 
education, but believes we support Is nee<M th^ hd^ been re^iMted. 

a In general* state qovennRents and the private sector need to address 
the problems of education and a^lng facllHIes, since the federal 
government cannot solva these problems by Itself. 

Th/ enclosed discussion paper goes Into all of these points In gre^r 

VThe American Chemical Society Is an Indlvl^l membership rtr^l ration of 
ik>r| than 130.000 chemists «^ ch^lcal engineer^. reflecting a tH^oad spectrum 
of academic, governmental Md Imhistrlal pursuits. The Society ap^^lates 
.this opportunity to submit Its vietrs on the role of the national Science 
Foundation and the state of the chemical enterprise. 
> « 

Sfncerely. 

ft 

Uarren Nlederhauser 

-41 . 
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mils Is a Urn of special o(]|Nn^tim1ty for Isttllectual 

advance In cho^lstriL It derives frm oyr developli^ ability 

to prol»e tN elennntal steps of ches^al cfmge imk1« at the 

saM tUw, to deal with extreme molecular complexity* Xhiy 

account for the recent acceleration of pronr^s that fives 

cheeilstfy imusual prosilse fc»" high return frm additional * 

resources," • . 

** 

These Mords« fron the. panel of the national AcadeiQr of Sciences i^lch 
recently hrlefed the Office of Science Md Technology ^llcy ah. selected 
opportunities for rese^h Inxhenristry, capture^lhe vitality of the choMlcal 
sclent. The panel noted three prevising reseiNrch frontiers In uhlch Imsdl- 
ate ftmding Increases wouW provide dividends: (1) Understanding Chemical 
Re^tlvlty; (2) UndersUndlrra qieoilcal Catalysis; and fa) ThrCheslstry of 
Life Processes. A total of |7S Million In real groirth has been recomoided 
for FY 1985 ai appropriate %o take advantage of thesd opportunities. About 
$50 Million of this groifth Mould be In NST fuf^lng^ % 

m 

The tining of the OSTF rese«xh bribing {Oct<^r 13, 1983) was rather 
late In the cycle for the hSF budget fonaulatlon, * Ite hope that Is the reason 
for the Much SMaller IncreMsnt that appears In the tnidget of the NSF CheMlstry . 
Division which rose,|l2 Million. ab<Hft %7 Mlllloh above Inflation* Weverthe- 
1ess» ACS Is cognlfant of the current political realities, and therefore ue 
appreciate the Modest but real grmth In the FY 1$95 bud^ of the NSF ChoM^ 
Istry Division budgets We Motion the MS raooMrodatibns to Indicate that 
nuch higher funding levels for cheMfstry uould not* be wasted; The ACS recosH 
MKHls that the ftSf designate increasiilg funding for ^heMlstry research as a 
Major Initiative In Its forMuMlon of the FY 19^ Imdget, / ^ 

11. MAIIITAIIIII^ THE PHYSICAL UmASVuuCTimE FOR SCIENTIFIC RESEARCH*' 

A. Inst ruwentat Ion . . * • 

The lenity of our InstltJ^tws of higher education to perfgXi research 
a^ e<hicate students is Inci^aslngly di^end^t upeg iccess to (^to-4ate 
InstruMentatlon* In research such Instnaaental^lon Is nee^ for bot^ observa- , 
tlon of ney phenoMena «td testing of theoretical Models. 

Recent ^surveys* Including one condi^ted by the ACS Comalttee on Science, 
have sho«f\*that our §t9fium and uhdc^rgraduate departoents of chemistry and - 
cKeMlcal engfneerlr^ htM fallal behind in this area. This problee Is 
aggravated by the Increasing difficulty In obtaining Matchlng^funds. It Is*^ 
esthaated that si^tantlal expenditures will be geeded fn order to ffta^idk % 
ade<|u^e instrim^itatlon to our coTlege^^.^ im1/i»^$1t1es. Both i^lvate pii^ 
goverms£nta1 sources Must bg tipped If tl^ problew Is to be^effect1V%ly 
addressMl. . " • . 



.1. 



The ACS comendi the NSf for the steps the fasfidatfwi has tikttn to 'In- 
crease support for scientific Instruamtatlon. *TT« Society ur^s tf^ NSF to ' 
tontlmie^lts effort to f(iiid,4nstnmiitat1on pwxhases. and also fiygnr^ si^»port 
for malntefiafKe of the tnstruomts, onca ac<|ii1red. At the sam tiatt. we hope 
the Foundation will asslstjin ga^herli^ and disseminating Information idiout 
alternative financing nechanlsas n^lch acadeafc Instltutflons could use for 
purchasing Instruments. In short, m strongly urge Congress and the Poimda^ 
tlofi to contlm^ to pay specltfl attention to this major weakness In our ^ 
nation's ability. to perform academic research. 

8. Facilities - 

— • > , ■ ^ 

«rhere are signs that 'our physical facilities for scientific research and 
education are deteriorating due to age, and that schools have difficulties . 
finding Xhe capital for building and restoration of facilities. He should not 
Jgnore idiat mtiy well %e a ^at prol>lem ahead. However, the ma^ltude and ^ 
nature of the problem are not well tm<terstood at this thte. 

T^e ACS believes that the tederal government should sponsor studies to 
develop' ^1 understanding of- the problem. It should be recognljced, however, 
that If the magnitude of the problem Is greats the federal government cannot 
be expected to solve It- by Itself* State governm en ts and the private sector 
must also bear part of the responsibility for developing creative and Innova* ^ 
tlve solutions. > • 

* C. ' Styereomputers ^ ^ * • 

The ACS supports tW new hSF efArt to make siqiercofiputlng facilities 
available to Its graiftees. The plm^ highlighted by th^ OlVectm* of HSF 
repraatet a good beglnnlr^. -.ACS Is most concerned about ensurlr^ that the 
efforP rVbacked by a continuing *coB«i1tment to Increase access to super- 
computers Tor academic research scientists and ^Ineers. Is crucial for 
the National S«l4»ice Foundation to ti^ce t|ie lead In this area. 

Th^Tisk Force oh Lar^ Scale Combing of the iterlcm Diemical Society 
has just coii9»leted a review' of tl«. kinds of prc^^laes In chemical research 
i^lch cm\ be studied within a reason^le' amoimt of ttoe only with the use of a 
. supercomputer. The Task Force concluded that supercomputers wlll*^ .Important 
to chemistry In three broed areas: (1) num^lcal cdNputations md simulation; 
■<2) 4rt1f4c1al IntelHgemce Includlng^ej^iert .'systems, pattern recognition^ and 
Sjimbollc manipulations; and (3) the development of and access to very large 
sclent If 1c ^data bases. I 

Also, the chemical scl^ce coRmRfnlty seeks -partic1palilill Im some form of 
interdisc^llnary netw^rk-^iwft necessarily a single coov^g^onal network-- 
irfilch woulo permit t^1nel-to^ terminal commmlcatlon be9Kn 1nd1v1<hials; 
ready access to numerical md blbllogr^lc data bases; ^iT ^cess to calcu- 
lating supercomputers. This network should allow fast efficient transfer of 
large quantities of informatlcHi such as very long progroiK. 
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-^Olectlng Into the future, the Ta$k Fance «1so recognl^ that certelif 
probiM need to h0 affdrejifed If Ottr scientific imterprlse 1$ to ^ro^ed 
beyomf the stage of plecMal iite of Sttpercoapytfrs^ Fint 1$ the need for 
users to agree upon soee level of standardization In f\9rMts» descriptive 
vocatxilary, sjistiol sets» md perhi^ other asi^ts of anpiitlng. Second, a 
oachanlsff sust be devised for Identifying the needs for lar^ data Kuises. 
Finally, on effective feedback structure Is needed bettmn M^^rcoov^r 
users, especially those at the scientific frontiers, and the Imhistrtes (te- 
, sl^^nlng and constructing the aiKrhlne hanhiaii^. Except 1p the national defense 
sphere. Interaction between users and designers seem to be virtually non- 
existent In the U.S. 

III, MmruRiNs THE mmfiM wual f« sciciitific research 

A, Support for IMdergrachiate fVoqraas ^ 

* . 

The ACS applKids^the FoimM1«»*s Intent to Increase support for prettarf- 
nantly imdergradaate Institutions through the research directorates. We 
understand the thrust of such si^port to be on resewxh. Konever, a problea 
which Is not addressed Is that underfraduate departaents of chemistry have 
nowhere to turn to at 1^ for assist Sice In (aodeml^lng their literatorles. 
Since these departments are the sterce ot all of our Aaerlcan candidates for 
graduate i<ork In chenlstry, federal programs should support 1nstru«entat1on 
needs and the iqprovemit of laboratory facilities for tmstergraduate teaching 
mid research. 

B. Research Support for hew' Investigators 

• 

It is appropriate that special progress be developed to encour^ yomq 
investigators, wneen, minority scientists, and to ensure them of the 
opportunity to try to become- fully coi^ietltlve when seeking research si^yport. 
Ike ACS a«>prec1ates the greet sensitivity shown by tiie nSF management. In this 
regard* » ^ 

Ub therefore si^)port the thresldentlal Towtg Investigators Rdlearch Awards, 
and the minority Research Initiation Program, tfe are also aico&^a^ by the 
Foundation's decision to provide Initial fuiKflf^ of |0,5 mlllloA for Research 
Opportunities for Momen. fete hope that this mdest beglimlng will be followed 
by Increased support In subsequent years. 

The ACS and Its tfomen^themlsts Commlttpe are very pleased that the Foumla- 
tlon doubled the FY 1984 fimds fw visiting professorships from |1.9 to $2.0 
mil lion, and Is proposing to maintain this effort at the sne level In FY 
1985, to respond to the si^stantial number of exceptionally high <^1ity 
proposals received. 

In addition, we feco^MKl that grants and c<mtracts be msde available for 
programs in science and mathematics geared to female and minority stuctenfs In 
elementary ami secondary schools, mtd In hfgher and continuing education, mnd 
that career reaitry program for wom^ be reinstated, i^jt modified to Include 
r^try into academic careers/ <md not just industrial careers as In the past. 
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IV, iCimt EDUCATION 

*i ^,^»"^ctn Cl^ical &K;1ety Is pleased that tf^ Nstlmitl Science Foimtfa- 
tion will contimie to pl^ m IntKnrtant role In rielping solve the nation's 
current problews In science and matheMstlcs ecfucatlon. The re-establ1sh«ent 
of the Off Ice of Science and Engineering ^ducatlwi as a Directorate of the 
Foundation Is applauded by the Society as a proper reccgiltlon of the 1«or- 
tancA of education In science, mathematics, and technology. 

Again, H. should he nade clear to all concerned that the problen Is one 
n^lch the fed^r^] goverms^t camiot be expected to solve by Itself* The 
govemwent can and should fn^vlde leadership amf attenpt.to Instill a sense of 
\the iR^iortance of the vlsslmi to i^ade the quality of science and »ath 
education. But state Md locel ^n^rment, and the private sect<?r, lust 
^ome Involved In order for these efforts to sc^ceed* 

While we are please that there appear^ to be a renewed federal, comRltiient 
tq^precollege science «id «athe»at1cs e<fti«at1on, we believe that the.fe<teral 
effort remains Inadequate. We continue to call for the <^l<^i«ent of a 
comprehensive focused policy that will provide long-term solutions to the many 
. problems facing precollege science and mathematics. The ACS urges Congress to 
encmirage llSf to obtain Its itecHsary complement of Inowl^^able staff for 
the Directorate of Solence and Engineering Eckicatlon. 
I* 

The ACS believes that HSF shCHild continue to pl^ a major role in both 
initial and continuing educat1(m In scienc§, mathematics, ^nd engineering at 
all levels, from precOHege to higher educaticm, including graduate researth. 
"NSF should also be the leading ^agency to support the intellectual development 
of educational approocft^, educational research and analysis, and <Che dissem- 
ination of Information in science an^ matheDiatics e<^atlon» 

We recommnd that USf, ^ its, highest priority, focus its efforts, upon * 
providing fu^ to help current teachers c^ade their si^Ject matter coa^- 
tence; and to en*ure that new teachers are sufficiently coooetent in subject 
matter km»i ledge to meet the stafutards necessary for state ceKif ication as 
fiHI-time teachers in their discipline. 

Hence, M are pleased with the stated intent of 11^ to "broaden its sup- 
port of in-service teacher training activities t^rtm^ local mtd reqjonal 
^•orkshiips** Wiile uncertain as to the ext«it of this "broadening", we trust 
that this implies an even greater level of si^iport for this activity than 
found in the FY 1984 budget. , ^ 

The Society believes that the te«:h1ng profession needs to be made more 
attractive than It Is now, both In terms of remuneraticw and social prestige. 
Thus, we support the Presidential ^rds Program, hte also consider the Pre- 
college Materials Development Research component of the bud^t to be essential* 

We view with a great deal of interest the att€«^t of tte Foundation to 
Initlate^artnerihlps with business,' industry, and state and local ^vem- 

mCTts. The utilization of resources fn>m many organizations ^ institutions, 
including professional societies, should bring all qrm^s cmnierr^d into 

closer working relationships with each other» 

f 
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We ¥tere^ of course, pleased to learn, that the General Services Adtoinlstra*^' 
ticw h^s just .afif>roved a charter for a iSF advisory coMlttee to the 
Scl^ce totd £ff9lfieer1if9 Educ^^lon Directorate. RSF ^ould also esti^llsh 
external revl^ panels composed of knowledgeable scientists, Mthenatlclans, 
and engineers to cr1t1<|iie directorate prograes* 

Finally, In the past, results—hoth positive and negatlve-^of science 
^cation projects have not been shared widely enough. Therefore, we a^recl- 
ate the Intention of HSF to t^e a wore active role to ensure wide dlssaalna- 
tlon of the results of projects* 

In conclusion, ACS s<i9>ports the efforts of the Directorate' to In^rove the 
quality of precollege science and matNmtlcs education In this country, and 
we stand ready to assist In this effort. 



Aflierlcwi Chewlpal Society 
^4/11/04 
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rtnuc AND scsNimc avfams. 
AIIB»ICAN (lOCIBTT WOE MICEOBIOLOOT 



I SvMMn^ 

; il c r" 



April im 



TtM SoootftkU Orris C. Bate^ 

ClyiiraM, S«ii«e« Cfitt— o« 1.^«r aad ilwwit feM0«re4a 

OirUM Smte Office B«il«iAg 
VMbiAgtoo* &*C* 20510 I 

X^mt CbaiiMa B*teli: « 

TIM rsbXic ^ ftei«tttifie Affairs homt6 (fSAi) of CM imrUma SoeUty for 
Microbiolotr (jm) t» mMc for fovr eoa«i4eraCio« follovii^ cos<- 

MQCs oo CIM Fiocal Toar <rv) 1985 for tM'Vociofial fciosco ^oondacioa 

Th* AM is thm lorfMt siaftU Mol'i^ieal lifa Miofico orsMiaaCioo i« cIm wotU 
with ma acciw iMflbarakip of ovar Sl^OOO. Wm»f of tlMaa iodiria«*l» ara oogafotf 
ia biolofical roaaarcli oad a aiaafrU awrfiir M racipioaca of avarda mdmi- 
aiataraH by thm WSf. A Ursa aodbar of araM M rapraa^tad in Chair 
inCaraata, iaclttdiag aolacalar «MaCiei^ phoCoaystlMcia* aicrogatt fixaciOQ, r«t*^ 
latioa of laaa aapraaaioa, luinntogyy MOloCT ^ oClMfa« <kir co Mt n ca ara 
4iracta4 prinarilrto faadiat for iraaaarefc aad cr«iaii« eoodaeCad by thm mf 
ftira«Corata for Biological » Bahavimi and Social Sciattcaa (BBS) mtA propoaad 
aaaateaCa Co cIm iacional 8«iM^ rottadatiott Act of 1950. 

TIM AdiaiaiaCraCiott hmm propoaod « laval af apradisg of al^o«€ $^ pillion for 
Cta biolofical aciaacaa in iCa FT I9i5 bsAcaC ra^oaac far ^ ISf. Tbia rapra- 
aaaca aa iocraaaa. of appraaiwic^ly 12X ofvar tiM i^J^C^ FT IMA akpaadicora. 
The F8AB aapporCa Cilia iacraaaa aa a poaiciva aCap tamusd Calfilliag 1BF*a 
•iaaioa Co a«|^porc baaic raaaarcti ia bielofp. «o baliava, bowavar, ChaC aaaa ia 
a biatorical parapaeciv«» ic ia a ralativalf aMll aCap Camrda tba raacmacioo 
of tba profMr rola of tba BSF ib cbr «apport of baaie biological raaearcb. 

Tba aarioaaaaaa of tba aitaatioa ia illaatraaad by tba fact tbat tba badgat for 
raaaarcb ia biology at Cba I^F baa raMiaad lawl batwoM 197B aiid 1983 ia Caraa 
of 1972 eoaacaat dollara. THia rapraaaata a cooaidarabla aatback if yoo cas- 
aidor Cba ascraordiaary growth of biological raaaarcb' Miag Chat period* 
Sciaatific opporcaaiciaa ia biology bava iacraaaad dra^lcAlly aa a raan^t of 
aajor break cbr ought ia volacalar gwMCic tocbaigoaa. Tba W Biractorata baa 
had^^to axtraaely dif ficalt choicaa bataaaa faadiag avw a «adarata ooiibar 

of gTBAta aad awardiag aafllciaat h»da for tha carrying ovt of raaaarcb pr«»- 
jacta by ilavaatigaCota. Xc baa bad to acaar a bii^ly amatiafaetory viddla 
cooraa, aa illiwtratad by tba aCaciaCica for oaa of iCa c o i ^ o aa aca, Cba 
Fhyaiology, Callalar aad Holacalar Biology Diaiaioa (PCH). Bataaaa 1978 aad 
19B3 Cba average award dacreaaed by ^oaC lOt ia 1972 coaataac dollara«# Over 
Cba •mm intar^l eacceaafal great ^licaCieoa dacraaaad free abooC AOS Co 
ali^dy over 301 of Che Cotel applicatioaa eiMct^^. Tbwi* both tba dollar 
valae of aoceaaafvl graaca Md Che proporCioa of aaccaaafal gcMCc dacreaaed 
over tbia period. 

Ia FT i9B4 tba BSB &irecCorat« tMa began Cb c^ia trend aa the reaalt of 

e lAX 1 acreage ia the bt^get fOr^ biglagy* Ae etated ft> our latter to Coagreae 
laat y*ar» tbie aill re«*»U ia the beginaliflOt -af the cncb-op aaedad to reetore 
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cb« sbiUty of tko W to etty oitt itm ^opor alMite. Wt polntod Uiit 
f^r tlMit • typical 1982 grmt pmid^ «c b^t^ f or M vkillod t«elmicUB» « fov 
OiippliM, ««d MO rMtoff«tid« or o^sitieo of of«ipat«t«. tbo 9t incr ww n f 
to tiM b»d||tt *ro hmia% M«4/«io«ly i« oipp* opiniooy to iocroooo tfco ▼•loo of 
oocc«««fal grottto, TImm, oltlMQi^ ttm dollar valo^ of srv^a iocroiMO by 14S 
io rr 1964, tiM mbor of foi^ grooto UcrooMo ooflifibly fro« l,4fl C%l,S05 
for the fCH Divi«ioo, M iocrOAOO of ooiy 14 gr«ot«. Tte figvroo opoak of tiM 
, vory lorgo loftMloo of fwftdo tluit wo«ld b« iMCOOoory to •uppott • oifoifU«it 
WMirfiwr of aeriteriooo coooarcii grooto ot • lovol MifficUot to cofxy oot tiM 
oorfc propoood. . * 

. ♦ ' # ^- 

ffbilo tiM ottfvo^ tor rooomli oetivitioo at Br io at Ipaot bo«4o4 in tbo ^i0lt 
diroctioo. tiM saM caoMt bo 04^4 for t&o>s^aifl« bo^got* Tte FT IMS pro- 
peood bod^t coacaiiM m $M iacroaoo for GroM^o loooareb rolloMblpo 
pV'-vido. Sioco tbo otlp o wdo «o«Id lAcroaoo bp lQI. tbi« ro^rw^osto o doeroaoo 
in Cb« aiia^ir of eraiaooa. Tbia Ucb of oobotaatlal iocraaoo is aapp o r t of gr'*- 
daat* «ad pottgrirfoata traiait^ dooo oee al^ov W$9 to ad4rooo tbo f^gcst oood 
for ^oalifiod load Ota ia aovaral i«portaBt mw9mm of biology* To no micro- 



biology Aio aa ai^ropri^to a aaa yU,' tbo ««ab«r of oow |1i«0.a la tbia fiald baa 
raaaiaa^ coaataat at aboot 150 par yaar Imr tiM laat i3 yaara* la ^ aaac tlaa 
tba dapaoda la araaa .ralatod to blotocJHMlogy bava obproebatod* A. raeoot atady 
by tba Katlaaal Aeadosay of Sciaacaa baa aboim cbat ooar a tbiot of tba aiiff ua lly 
prodacod Pb.D.a la lad^aology oill ba M^loyad by In^Mtry* Tbia flgara ^vpra- 
•aata tba lovaae aatiaaita ot^gm |obf craatod la tbia flald. Bisiiar aaabara 
for otbar araaa of Aerobiology iadicata tbat t^ d aa g a il will bfeo«a acota 
iritbia h abort tiaa* ia racaot ybara it baa baaa faabioa^lp to coi^lada tb^t 
. tba ^acraaagd aaad for acad«itie paraa^aal eoo4ld raiK^lt la aa ■a^ icaay ply of 
"^.D.a. 'Muitavar tba ttirlt 6i tbia g^cai patcapdon. it ia> eartaiali; off tba 
aarb la fialda of aelMoa cbarbai^ aoaa rapid acadasic aad iadaacrial 4a^la^ 
mt.* Tbia cottotry aay tTtJfcilly fi«d itaatf at a cotfpaCitiva dlaa^v«»ti^rir 
oltb regard to paraoaftal mhlvtblk to fill rai^arcb poaltiaoa* Wtft tbia raaaoa 
«« or go yoa to cooaldar a aabataatlal aa^la«aat to tba yradadta traioii^ bodgat 
of tba «SF. iB tba i|raa' of siarobioloty a aa^ial gtaircb aoava callad for 



ovar tba aamt flva yaara. Tbia aioiild raaalt i^ tba te^llag «f tba oaalkar of 
amm Pb.D.a la tbia flald at^^fi^tad by HSF. 



We take tbia opportmlcy cawaat'aa tba inndaanta Co tba Itatlaoal ttilaaca 
rottodatloa Act of I9i0 ragardlag ^ba rols of tbo flSf la aoglaaarlag raoa^^b aa 
propoaad by tba Hoaaa Ctmmt ttoa. oa Sciasca aad TacbaolHgr* Aa aierablologiata 
wa ata iovolvad i& both baalc raaoareb gad Ita oaglaaarlag ^plleatlAaa*. 
Biological procaaaaa. ttaatly a^loyli^ aicro^gatelaM, play m iaeraaai^ rol4 
la food prod«etl«9» dla^oaal of aaataa, fataa^atlon, aad Blaiag of ttiabr^a, to 
/mm jaat a fav iifm^* Ito ^a« witb'coacara tba prop^ad cbaagaa bacai^aa tbay 
/do aoc taba is^o acc^Mmt tba aelactlva patara of tba latarface betwaaa baalc 
^ fMeardi ^ m eaglvaariag applleatloaa. Aa vrittaa tba cba^aa call for a 
parvaaiva aarriaga of tiM two la all actlvlclaa of ISF. Saab a oaloa ^oald aot 
b« lapoaad acroaa-tba-board bacaopa dlffaraat mrmmm of baalc raaaarcb rlpaa at . 
diffaraat ri^a. Tba tlna aad Mtora of t^ix, ^ypl icag ^aaa caa oftoa aot bo 
draaaaa* Aa aa awipla* tba daval uy w io t of ^AFCC «4aglaoarlag cpaa <4s llao 
tkroogb a taclmlc^cal roata tbat eoald aot ba pra^etad aa racwtly aa Caaaty 
y«ar» a^. It ia oallbaly tiM tbia ^velop^t would bava b«oa tomt^^ by a 
coogrataloaal sMdata* Tbaa, tba Mrglag of Male raaaarcb aM eagiaoorlng 
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to tbo 0004 to footor toctoology trooofor. oo oo«i by tbo iocroooo io tk. 

for Ito OMU»«ri*g 4iroetor«co. It hM 4«mMitr>to4 ooMitirity oftd m^^^ 

cotloo U tbo light of eoooidor^lo o«tiiv»«i p<ooo«ro for o»otfioot boTW 



lio oprrocioto tbo o|^porC«»4cy omW;. ojMUoi 
o44it iooAl iAf otiwc id\^ to VonA»ri;^^Mto; 



Sioctfroly, 



Robort P» ViltioM^ 
FroAiiooc, AMricoo teciotr ^ 
Hicrobioldfy 



' , NoooUo Stbooebtor, Pb.O. 
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CoNSORHwii of SoqaI Science AssociAtioNS 



^ A^ll 26« 1984 



^tte HDMOTAble Orrin 6. Ikitch . . • 

ffas ftfiMll Senate Office Bidg. 

f ltosli1ii9ton» OC ^ . 

I ^ ir1tf»9 OA beh«lf of *thd|^^^sacfi1 and befcavforal kl>iit4st$* 
represeiHed by the CMSortfM of Soc^^Heiice Assecfatfons {0(^)'^^ae 

^ ^^"^ Hdl^^wirces to incr^M ^ » vHiltoo tte 
FY IM Mtborlxatlon for t»ie Rotloiiaf Scleoco FoimdatloD's Blologlcfl ' 
BolMvloral Sciences Directorate (MS), Q&tMs $5 oinileii locrease, . 
•inioo $ho«iU be oanMrked for res^orcb mjtfm social and boMvloral IscieiKies 
aod $1.4 Kin ion for res^rcb In lafonwtiV science. • * 

« • , ■ 

Tbc MSF social and bebavloral sclet^e researcb progroi^ wfe cut sev^relf 
in FY 1961 and FY 1982 and are still be1n9 foiled below tbel^ Ft 19^ level In 
current dollars. In constant dollars, these progr^ ar^' over ^ loner than 
tbey were five years a^o. An Increase In tbe FY 1985 aythorUatlon for these ' 
. progrm will provlcto nee<ted so(wrt for research In such laportant areas as 
the economic (apacts of deregylatiof^i cognition anT learning in science and 
«ith. change over tine In fwally incocBe and Its effects'on Indfvldoals and on 
the family, the study of the' origins of himn society, and c«Mfi1cat1ons and 
iRfomatlon teclMology, 

Mithont an li^rease, so^rt for tk^ soclaf and behavioral science 
prograais at the FoondaS1<m tflll de<^11ne relative to other sciences, ^ In 
FY 198^, the so<;1al and behavioral science ^rogrws are receiving }M of all 
support for research and related Ktfvltles, In FY 19^, they will only 
receive 



;The Labor and Kuvan Resources Cotpittee recognized the t«portance of 
social and behavioral sc|Mce research In Its report on the FY 1984 
Authorization for IGF when It stated: 

Evidence pi^esented to the Co^nlttee, and In other forms anf publications, 
suggests that the scientific potential and e<tono«1c payoff ai the social 
and behavioral sciences has been onderestlsated In recent <years, Ovpr the 
next several years the Foundatltm 1s^ re<|iiested to sake e«ety effort to 
provide resources for the social and behavioral science f^ograns to enable 
^ tbe« to aeet their scientific potential. 

C0SSA ur^s the CiNBailtt^ to cont1m»e that recognition by Increasing the 
ffindlug for social, behavioral, and Information science research in FY 1985 by 
%S million. 

X !»1fi^erety. 




Roberta BalsUd Nllier 
Execut4te Director 



I »<t»th**ipn»tf%» M ^w*«fc«Kwi • 4m(m«ff f{4««MM»M ^Mmt^M • AiorfMM* Mm<»»#««I A««K*««ifff* 
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Consortium of Sod/d Scibvce AsspoATioNS 

0 



TESTXimiy OF TBK a»fSORTX0N OF SOCIAL SCI BUCK ASSOCIATIONS 

lOOSSA) 



FY 1981ft MrmmxtMxxim 0or ms national octatai wmMmriom 



<- Prepared for tte 

COmXTTEK OM LABOA PJtO HIMAX RBSOURCXS 
CmmD STAtra fiWATB 

Tha BoQOrabla Orrin G* Batch, Ch«irM|i 

April 26, 1984 
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Nr. Chairun, th'« Conaortltn of Social Science Associations 
(COSSA) is pleased to have the opportunity to submit th6 

* followlna tsstlnony on the FY 1985 authorisation for the National 
Science Poundayiqn (NSP) tot the Coe«iittee on Latx>r and Biaaan 
Resources of thd U.S. Senate. The Cdnsortii^ represents 17S,000 

..scientists acrMs the full range the social ami behavioral 

; science disciplines. A list of.COSSA mraityers. Affiliates and 

♦ 

Contrilxutors is attached to this testiflKMfy. 

COSSA is pleased that the bud^t request for the National 
Science Foundation includes an increase Qf 13.6% for FY 1985. 
Despite the 'severe constra^ints on the FY 198$ budget isiposed by* 
the sise of the federal deficit, t#e believe that it is important ^ 
to Maintain the ntttion*s investMnt in basic research. Without 
9uch continuing investaient, the United States would becoM 
increasingly less able to cos^te with other nations 
econoMically, the quality of our science and inventiveness of ^ 
our technology i#ould decline^ ami tie would weaken the flexibili'ty 
of our econony in the future. • 

Not all NSF program share in the recent increase in the NSF« 
budget. Meebers of this SubcoRBsi t tee do not need to be reminded 
of the major cuts in NSF budgets for t^H social and behavioral 
sciences in FY |98l and FY 1982. 

s 

In FY 1985, the budgets of the social and behavioral science 
research programs in the Directorate for Biological, Behavioral, 
and Social Sciences (BBS) are scheduled for an overall' budget 
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increase ot iQ%, principally for support of the large scale data 
t>ases« This is an important^ and necessary eaphasi^. These data 
bases have suffered from the budget outs over the past several 
years* They are expensive, yet they cannot be postponed until ^ 
budgets are increased again. If a survey — such as the National 
Election study (N£S), or the GeneraT Socia 1 Survey (GSS) — 
cannot be conducted at the required ti»e* its scientific vaiu^ is 
impaired* The FY 1985 funding provided for the social af)d 
behavioral science cyrograms in the BBS budget will relieve some 
of the funding pressures on these data bases* 

Despite the proposed 10% increase in FY 198!^ for the social 
and behavioral sciences as a whole* they will still be funded at 
a level that is 10% below their FY 1980 level — even without 
tailing inflation into account. If we calculate the effects of 
inflation, the proposed level for FY 1985 is 31% lower ti^n th^ 
FY 1980 level. The share of NSF spending devoted to the sokrial 
and behavioral science programs fell trcm 5*9% to 3*3% between 
1980 and 1982 and will rise under the current request to ool]^ 
3.6%, a drop pf 40% in the share of the social and behavioral 
sciences in NSF spending* Two charts with these and other NSF 
budget figures are attached to this testimony* 

We face a situdtion in which the soiMal and behavioral 
sciences are now receiving budget increases that would l^e 
adequate hacJ outlays not l>een slashed so deeply in 1981 and 198?* 
but those cuts did occur and should not be allowed to stand* 
The ronsequenc<«s ot these cuts ar*> wfist apparent in the 
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decline of single investl^tor projects/ the se^-bed of social 
science research and training* The effects of this false economy 

^ are predictable and pernicious. Proposals are whittled down and 
stretched out to spread available funding, thereby causing delays 
iiy research ^nd reductions in training. Scientifically aabitious 
4 investigations are jettisoned for less anbitious projects that 
can be accomplished less expensively, a strong research system 
requires not only the develo^Msnt and maintenance of good da t^ 

^ bases, but also the Support of established scholars and 

for their successors* The support that^ i^s provided this year for 
the large scale data bases is a step in the right direction. It 
is equally important to increase support tor individual 
investigator projects. 

We realize that Congress must scrutinize every appropriation 
this year to see whether the nation can afford it. In answer to 
that question, we urge you to look at developments in basic 
r^earcb in the social and behavioral^ sci«^nces . This is what, the 
National Academy of Sciences/National Research Council did 
recently. The report of that investigation, entitled 

fi^Jl^Y-ioral and_Socia^ Science JResearch'; A National Resource, 

- ■■ ■ — • 

describes and strongly endorses the scientific advances that' have 
taken place in th*? social and behavioral scienceil in recent 
years* 

Another way to consider the question of increased support 
tat Social and t>ehavioral science research at NSF is to examine 
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' 80M of the' piVMt>leM w face X a nation and the reseerch that ie 
conducted by social and t>ehavioF«l . acientista. 

For example, we face a slowdown in productivity growth* 
social and t>ehavioral scienti^sts conduct research on worker 
productivity and Mnageaent efficiency. Research on worker 
productivity and quality control have led to effective techniques 
for linking participative decision-aiak ing and the acc'eptaqce of 
innovations in the workplace* 

He are deregulatir^ Mny branches of the econoay* Hundreds 
of billions of dollars of investoent and tens of si 1 1 ions of Jobs 
are involved* Surely the investaient of a few nil I ion dollars in 
the study of the effects of this monumental social and economic 
experiment ia only prudent* 

Newspapers report on the lag in 'performance of U*S* sbMdents 
in science and mathematics relative to students in other 
countries* Can we afford to curtail social and behavioral 
stance research on memory and cognition, teaching and learning? 

We face continuing probl^ns in tl^e courts and in the 
marketplace with ttie issue of whether wage differences between 
men and %#omen are based on sex or on experience^ skills, 
performance, or other factors. Do we wish to make decisions in 
these areas bereft of data and research that would enable us to 
compare Individuals with similar experience and training and sort 
out the various influenced on Income? 

The basic research in all these and mar\y other areas has 
been supported by NSr in the past and we respectfully suggest 
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that additional trork is needed now. 

We^ recognize the budget problems created f^r the Congress by 
the sise ot the federal deficit* UoMver, we think that on 
policy grounds and on substantive grounds^ the Senate ^Labor and ' 



Human Resources Comittee should establish the goal of rf turning * 
the social and behavioTral science programs in the National ^ 
Science Foundation to their FY 1980 levels in constant dollars* 
Ite realize that this may take time, but feel strongly that the 

\ 

goal must be set. ' ' 

We. also ask that the Com it tee add $S million to the 

authorization for the Directorate for Biological/ Behavioral » and ' 

S(K:ial Sciences a»d^hat this increase be earmarked for tesearch • 

♦ 

in the social^ behavioral^ and information sciences. This amount 
would help to strengthen these programs that have been laboring 
for several years under diminished budgets. 
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CoNsbiifiuM of SooaI Science AssodATiONs 



RATX{»Ua SCIENCE FomnuTiw ^ 
runding for 5«!«ct«d Dir«ccor«c«« tmS ?ro%tw (in millimt I) 




Actual AcciMl Actual Actual Actual Pro^ad 'tCt»«ngt XChaoga 

Oif. for M^f h«*»aiical and 

Phywfai Sci»ni«» (MTS) 227.0 256.5 272 9 299.7 }59.5 416.7 416 

tiir f£»f A»t r{^n«ttic /Atwoapharlc ' ^ 

Fiif*;. & Ovfjn Stiancaa (AAEO) 218. 1 216.1 2*0.0 276.2 310.3 373.5 ♦ll ♦?! * 8 

I/.r tnntneetirtg ilHO) 76.6 B3.8 93. 3 JOI.I 120.7 147.1 +22 ^92 

Dtt. <nr Sti«»nMfic. Technological 

4 Intrrnjtional Affairs (STU) 36.6 36.0 40.3 40.8 46.9 -HJ -#28 



Dir. for Biologual, g«havi0ral 

4 ^Social Scirncsa (MS) 185.7 185.6 176.0 190.2 224.8 -251.1 413 ♦I* 



a. 
o 

s«M lal 4 8«bav|or«l Science 



M lai 4 Behavioral Science « 

rrc^Rraas in BgS 52.4 43.? 32.^ >6.0 42.8 47.2 +10 -10 



• proportion of Rraaarch & 



R-'Mrerf Arfivitjffs 5,^ 4^^^ 3 ;jj 7| 3f gj 

^' ' " ' ■ — • IT— T ' 



f »-» ''^ 77,2 64.7 20,9 i6.i 88.9 75.7 -15 -2 
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NATIOKAL KimX rOUIIlMTXOli (coqc) 

S<Ki«l md M«vior<l Seicncs lUrMArch lhr0$ram in BtS (in S): 



rrs'i 



Actual 

m2 



Actual 



Dlvl»ieo of ]^h4nflorai «nd Kaural Sciaacas (•fi*ctad programs) 
Hauroaclanca 



Faychobfology 

Cofniciva Scianca 

rte«M>ry ft Cogniciva Froc. 2.4 

• Social & D»¥. P»yc»»ology J. 3 

(Appliad Nychology - p 
at»aorb*<l alaewhara) ^' I.4 

Lin$uU(icft 2. 7 

Anthropology ^4 

Subtocal 21.1 

Divi»ion of Social & Ccortofeic Svlrnca 

E<«mo9ic« 12,2 

Gaography 1,6 

SocTjiI Vaftyreoei^& An«!vsis 

Srtrlcrlogv ^. q 

Hi»tor> /Philosophy oi Sci«nca 1.5 
Political & Policy Scfancat 

Imt & Social Sclvncrs 0.9 

^ Regulation 6 Policy Analvftlis 2. .6 
Dac^ion & Manageaen( Sci. 

$Mbtoe«l 31 . J 

TOTAL-Social h Btfhavi.-^ral 

Stianca Kesaarch Prograj^fl; 57.4 



4.3 

2.4 
2.6 

1.1 
2.2 

18.6 



9.4 
1,2 

1.0 
J. 9 
I.I 



:.9 
0.9 



2,1.7 



3.4 



2.2 
1,5 



2.t 
5.5 

14.7 



6.3 
0.7 

2.7 

0. 9 

1, 1 
1.1* 

0.9 

(7.f. 



J?. 3 



3,7 



2.3 
2.1 



2,2 
3.0 

16. 1 



7.1 

o.a 



1. r 



2. J 

I.: 
0.9 

19 9 



Actual 



2.6 
2.6 



2.i 
6.4 

18.2 



9.4 
1.0 



2.9S 
I.3S 



^.8 
1.4 
1.1 

J .0 

:4.6 



Pr«»posad tO^gc ZChang^ 

rT8> nr84»>85 rtf^s^ 



4.4 



2.8 
2,7 



2.5 

6.8 
19.2 



10.25 
1.3 

3.65 
3.4 
1.6 

i.6 
1.7 
I. > 

I .2 

28.0 



-^4 



'»4 
♦6 
♦5 



♦9 

♦ 30 



♦ 29 

4i8 
4l4 



-18 



-7 
43 

-9 



\6 
-19 



-6 
♦ 7 



-^89 
-50 
K/A 



♦In fY I9S1. thiR proRfMi wd« c^-irbin^d with the I3W arrd Poli,. Pr;>Rf«» of 
Appltad Rr9#<*rrh. 
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Co^eKNniuM of Sod aI SckNCE A&sodATioNs 



American AnlNropologfcal Assocfitfon 
AnerlcAR Ecoftoafc Aftsacf«tl0fi 
ABi6rlc«fi Historical Association 
AMflcan Political Science Association 
Anerlcaii PsjKrteloglcal Association 
PmeriQ^n Sociological Association 
American Sutlstlcal Association 
AssoclatlM of Aoerlcan eB9qrAf^r% 
AssiK:1at1^ of Anerfcan Utf ScHools 
llntiilstic Society of AaerlcA 



Affiliates 

^rlcan Association for Public 

Opinion Research 
American Educational Research 

Association 
• Aawrlcan Society of Crislnology 
Association Hr Asian Studies 
Uastem Socloloflcal Society 
EconoAlc History Association 
Evaluation Netuork 
Evaluation Research Society 
History of Science Society 
International Cowimicatlon 

Association 
International Studies Association 
Lati and Smilety Association 
National Council on Fttilly 

Relations 
Rorth Centra^l Sociological 

Association 
Itorlheastern Anthropological 

Association' 
Population Association of Anerica 
Regional Science Association 
Rural Socfeloglcat Society 
Social Science History 

Association 
Society for Afl^rlcan Archaeology 
Society for the History of 

Technology 
Society for Research In Child 

Developnent 
Society for the Scientific Sti^y 

of Religion 
Society for Social Studies 

of Science 
Southifestern Spclal Science 

Association 



ContrltHitors 

University of Callfdmla, fterfceley 
IMIverslty of Call^mla. Los Angeles 
Center for Advanced Study in the 

BelMvloral Sciences 
Center for International Stupes, 

Ouhe University 
thilverslty of Colorado 
ColwiAla Ihilverslty * 
Cornell Institute fdr /Social ^nd 

EcoiMMic Research ^ 
Cornell University 
Georgia Institute of Technology. 
Harvard University 
Ihiiverslty of Illinois 
Indiana University 
InstitutT'for Social ftaseaixh. 

University of Ulchlgm 
l^iverslty of low 
The Johns Hopltins thilverslty 
University of Michigan 
(diversity of Missouri 
University of Kehraska 
New Yock University 
Ohio State University 
.University of (^*e^ 
University of Pennsylvania 
University of Pittsburgh 
Princeton university 
Social Science Research Council 
Unlvers^ of Southern Celifomla 
StanfordUnlverslty 
State university of kem fork at 

Stony Brook 
Texas ASM University 
Tttlane University 
. (diversity of Washington 
; Uhlveislty of Wisconsin* NIlMukee 
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Senator Pell. Thank you very much. As the chairman hib said, 
the record will be kept open for any questions from members who 
are unable to be here. On behalf of the chairman, 1 thank all four 
of you for being with us this morning, and the meeting is herewith 
aqjourned. 

[Whereupon, at 11:40 a.m., the committee recessed, to reconvene 
atthecall of the^Jhair ] 

O 
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